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ABSTRACT 


Daritig  the  present  -cport  period,  40  compounds  of  the  following 
categories  liavo  been  sytithesized,  characterized,  and  submitted  for  anti- 
malarial  evaluation;  (a)  compounds  having  a triangular  structural  feature 
common  to  many  causal  prophylactic  antimalarlal  agents;  (b)  Q?,0-unsaturated 
amino  acids  and  related  derivatives;  (c)  compounds  related  to  the  antimalarial 
antibiotic  furanomycin;  and  (d)  deazafobrifugino  and  related  compounds* 

8-  (()-Amino-3-hexylaroino>-6-methoxy-4-methylquinolinc  diphosphate 
(WR-215761,  MO-485)  exhibited  outstanding  antimalarial  activity  against 
borghel  in  the  WRAIR  screening* 
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FOREWORD 


This  annual  report  was  prepared  at  Midwest  Research  Institute 
under  Contract  No.  DA'Q]^49-193-MD-2749  with  the  U«S»  Army  Medical  Research 
and  Development  Commanfi^ 

The  period  of  research  covered  in  this  report  is  from  1 August 
1974  to  31  July  1975.  The  work  was  carried  out  under  the  direction  of 
Dr.  C.  C.  Cheng,  Principat  Investigator.  The  synthetic  work  was  performed 
by  Mr.  William  H.  lUirton,  Dr.  Ping-Lu  Chien,  and  Dr.  Shou-Jen  Yan. 


I 

i 


A . - 


II 


a-B 


5 


f •» 

f 1 


u 


!1 


} t 


3 i 
5'.  I 


1 

ii 


i I 

iJ 


TABLE  OF  CONTENTS 


Page 

I.  Introduction 1 

II.  Results  and  Discussion.  .........  2 

A.  Compounds  Containing  a Conmon  Triangular  Causal 

Prophylactic  Antimalarial  Structural  Feature 2 

B.  o(,^-Unsaturatad  Amino  Acids  and  Related  Cou.^ounds  ...  14 

C.  Compounds  Related  to  the  Antimalarial  Antibiotic 

Furanomycln 15 

D.  3-Uea2a£ebrlfugir.e  and  Related  Compounds 19 

III.  Experimental 30 

IV.  Compound  Submitted  for  Biological  Studies  59 

V.  Antimalarial  Test  Results  ............  69 

VI.  References.  70 

VII.  Publications.  ........................  73 


I.  INTRODUCTION 


This  is  the  Tenth  Annual  Progress  Report  from  Midwest  Research 
Institute  under  Contract  No.  D/^>A-49-193-MD-2749  with  the  U»S.  Array  Medical 
Research  and  Development  Command  on  preparation  of  organic  compounds  as 
potential  antimalarial  drugs. 


During  the  present  report  period,  we  have  studied  the  synthesis 
and  characterization  of  con^jounds  of  the  following  categories:  (a)  com- 

pounds having  a triangular  structural  feature  conmon  to  many  causal  pro- 
phylactic antimalarial  agents;  (b)  cyt^'nnsaturated  amino  acids  and  related 
derivatives;  (c)  compounds  related  to  the  antimalarial  antibiotic  furano- 
mycin;  and  (d)  dcazafcbrifuglne  and  related  compounds.  A total  of  40  com- 
pounds have  been  synthesized,  characterized,  and  submitted  for  antimalarial 
evaluation. 
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II.  RESULTS  AND  DISCUSSION 


A.  Compounds  Containtnn  a Common  Triangular  Causal  Prophylactic  Anttmalarlal 
Structural  Feature 


Preparation  of  several  compounds  conforming  to  a triangular 
structural  feature  common  to  many  prophylactic  antimalarial  agentsii.^^  was 
conducted. 


,N^ -Diethyl -N^-( 3,4-dimethoxyphenyl )-l ,4-pentanediamine  (A-3) 
was  prepared  in  one  step  by  the  platinum-catalyzed  reductive  alkylation 
reaction  of  4-nitroveratrole  (A-1)  and  S-dlethylamino-2-pentanone  (A-2)  in 
good  yield. 


GH31 
GH30' 


,N0,. 


ti 
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(Cll2)3-N(G2H5)2 


CH30 


CH3 

■NH-CH-(CH2)3-N(C2H5)2 

A-3 


A-1 


A-2 


4-Hvoiuo-!)-[(5-diethylan)ir>o-2-pentyl)ainino]veratrole  (A-9),  an  RC-12 
analogy  was  synthosl/od  Croin  veratrole  (A-4)  according  to  the  following  scheme. 
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Broml nation—^  o£  veratrole  (A-4)  followed  by  nitration^^  of  the 


intermediate  A-5  gave  4-bromo-5-nitroveratrole  (A-6).  The  latter  was  hydro- 
genated in  the  presence  of  5"/.  Pt/C  to  yield  2-bromo-4 ,5-dimethoxyaniline  (A-11). 
Condensation  of  A-11  with  5-diethy lamino-2 , 2-dimethoxypentane  in  the  presence 
of  £-toluene!uil ionic  acid  yielded  the  anil  A-12,  which  was  reduced  with  NaBH^ 
to  give  tfie  target  compound  A-13. 


ii-Bromo-4  , Ii-methylenedioxy-N-(5-diethyl-aminopentyl) aniline  (A-13)  , 
was  synthosi^od  from  2-bromo-4,3-methlenedioxy-ni trobenzene  (A-10)  by  the 
following  route, 

Br 


Y rn2] 


CH3-C-(CH2)3-N(C2H5)j 


CH3-61 
A- 1.3 


■(CH2)3'N(C2ll5)2 


Compouml  A-IO  was  smoothly  reduced  to  2-brooo-4,5-roethylenedloxy- 
aivlUnc  (A-U)  In  benzene  using  platinum-on -carbon  as  the  catalyst.  Conden- 
sation of  A-U  with  5-diethy l.imim)-2,2-dtmethoxypentane  afforded  the  anil 
A-12,  uitich  was  then  reduced  to  the  desired  target  compound  A-13  with  sodium 
borohydride. 


Since  the  chloro-substitutcd  amine  A-15^^  will  be  needed  for  the 
preparation  of  some  compounds  in  this  area,  the  amlnukotone  A-2  was  reduced 
with  RI^I)-AL  to  the  alcoltol  A-14i~  the  latter  was  treated  with  thlonyl  chloride 
to  give  A-lS  as  a UCl  salt  in  an  overall  yield  of  S2%. 


<f"3 

llO-CH-(ai2)3-N(C2U5) 


Cl-CH-(CH2)3-N(C2H5)2  ‘HUl 


h-r(S-i>letUy lamlno“2-ptM»tyl)amino]qulrtoxaUne  (A-21)  was  prepared 
as  follow:!;  Condensation  of  4-nltro-o-phenylenudiaml«ie  (A-16)  with  glyoxal- 
Kodium  bisnltlte  adducti'  yielded  8-nrtroqutnoxaline-  (A-17).  Reduction  of 
A- 17  with  stninious  chloride?.'  gave  the  corresponding  8-amlno  derivative  A-18. 
Ihe  latter  was  condensed  with  5-dlethyUmlno-2,2-dtroethoxypentaue~  (A-19), 
and  the  resulting  anil  A-20  was  reduced  with  sodium  borohydride  to  yield  the 
desired  product  A-21. 
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A-16 


A-17 


A-18 


A-19 


CH-. 


N»C"  (CH2)  3'N(C2Hj)  2 


A- 20 


NaBH, 


CH^ 

I ^ 

NH*CH-(CH2)3-N(C2H3)2 
A-21 
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6-Methosy*7-[(5-(iiethylamlno-2’pentyi)an)ino]quinoxaline  (A- 28)  was 
synthcsiaod  as  follows.  Treatment  of  2-methoxy-5-nitroanillne  (A-22)  (Aldrich) 
withAcOHund  Ac‘»0  followed  by  addition  of  red  fuming  HNO3  gave  the  dinitro 
compound  A“23.-U-^  Catalytic  hydrogenation  of  A«23  at  40  pslg  in  MeOU  afforded 
the  amino  compound  A-24.  The  latter,  without  purification,  was  immediately 
converted  to  the  qulnosaline  A-2I>  with  glyosal  disodlurn  bisulfite.  Coaipound 
A-25  was  hydn>l>v.ed  with  5N  HCl.  'Il»e  resulting  aminoquinoxaline  A-26  was 
coupled  with  ^»*dlmethy lamlno-;*,2-diinetho,xypentane  (A-19)  to  give  A-27,  wtvich 
was  reduced  with  NaUH^  in  KtOH  to  yield  the  title  compound  A-38. 

n ...^J — T |T 

y^N  "Nib  AcOII,  Ac20  02N“^X"^iaiAe 


A-22 


A- 23 


A- 24 


.*^„,v*r»»^*«^»^jOi'4^‘:Ji.rv:w-««iiiysaWSj:aWSiS«s&?WflW--ftfiTO^ 


N=(^-(CH2)3-N(C2H5)2 

CH.J 


NH-GH-(CH2)3-N(C2H5)2 


Atti'inpis  to  syoLhesizo  target  compounds  A-35a  and  A-35b  have 
been  coiulueted  by  the  following  route.  Acetylation  of  4-methoxy-2-nitro- 
aniline  (A-29)  with  Ae-,0  and  AcOll— ' gave  A-30,  Reduction  of  A-30  with 
iron  in  AcOH  and  ll2(^  yielded  2-amino-4-methoxyacetanilide — (A-31).  The 

latter  v.’as  condensed  with  4-diethylamino-2,2-dimethoxypentane  (A-19)  to 
give  the  anil  A-32,  which  was  reduced  to  A-33  with  NaBH^.  Hydrolysis  of  A-33 
to  A-34  is  in  progress. 


Ac20 


tx 


Nil  -Gll  - (CH,  >3  -N(t^2»5>2  NaBll4 

kAaiAc  ^ 


^>^NHAe 


<01j)3-K(Cjll5)j 


• i ; • 

V - ■ 'Mi 


i ' 

NH-^U-(Cll2)3-N<(;.,  ^>2 


A-35a.  X - 1:1 

ti.  X * au 


For  the  synthesis  of  the  target  compound  A-39,  a different  approach 
starting  with  4-hydroxy-3-nitroani line  (A-39)  has  been  studied,  llie  introduc- 
tion of  the  dialkylaminoalky laraino  side  chain  was  readily  achieved,  but  again 
the  hydrolysis  of  the  acetamido  protecting  group  in  compound  A-37  presented 
di fflculty. 


Cll^O 


N- 


0 

II 

NH-C-CH3 


(CH9 ) 3-N(C'2Hj)2 


CILO 


ItN 

I 


NU-C0-CH3 


(m3-ai-(CH2)'i-N(C2H5>2 


HgO 


HCl 


CH3O 


NH-CO-CH3 


“■“Xi 

Ujr  NH^ 

CH3-CH-(CU2)3-N(C2Hs)2 


A *3/ 


OCH 


3 ...... 


OCH 


/ 


Cl 


3 A- 38 


CILO, 


H^ 


CH 


N“C 


-=Cl 


CH3-CH-(C1l2)3-H(C2H5)2 

A-39 


In  the  aeeoiul  approdch,  the  commercially  available  2-wethoxy'S- 
nitroaniline  (\-40)  v.'itt  used  a«  the  ^ttarting  material.  In  this  approach,  the 
diatkylorntnoalkyl  jiide  chain  was  to  bo  attached  to  the  amino  group  fir.^t. 


A convenient  method  through  the  formation  of  the  Schiff  base  intermediate  A-43 
followed  by  reduction  was  therefore  attempted.  Under  the  usual  reaction  condi- 
tions, the  ketal  A-41  did  react  with  the  compound  A-40,  but  the  nitro  group 
apparently  also  participated  in  the  reaction,  resulting  in  the  formation  of  an 
intractable  material.  The  parent  ketone  A-42  did  not  react  with  the  eunino 
group  of  A-40  under  various  conditions.  Direct  alkylation  of  A-40  with  the 
bromophthalimide  derivative  A-44  was  then  carried  out  in  an  autoclave  to  give 
a low  yield  of  the  desired  product  A-45,  which  was  catalytically  reduced  to 
the  corresponding  amino  compound  A-46.  On  reaction  with  £-chloroacetophenone 
dimethyl  ketal;  it  also  gave  a highly  complex  mixture  of  products,  from  which 
the  desired  compound  A-47  could  not  be  isolated.  £-Chloroacetophenone  itself, 
again,  does  not  react  with  the  amino  group  of  A-46  to  form  the  Schiff  base. 


A-40 


OCH3 

CH3-(p-(CH2)3-N(C2H5)2 


OCH- 


or 


A-41 


CH3-C0-(GH2)3-N(C2H5)2 

A-42 


CH30vy^ 

^ N'  >102 
CH3  ”1!  - (CH2 ) 3 "N(  02112)2 

A-43 


i • 


V 


Cl 


Tliese  failures  necessitated  us  to  study  another  route,  in  which 
the  required  iraino  side  chain  was  to  be  attached  before  the  introduction 
of  the  dialkylaminoalkylamine  function.  The  Schiff  base  A-50  was  readily 
prepared  from  the  starting  material  A-40  in  three  steps,  but,  unfortunately, 
the  protecting  acetamido  group  could  not  be  completely  hydrolyzed  to  the 
amino  function  by  boiling  in  507«  aqueous  KOH  in  EtOH.  Even  the  trifluoro- 
acetaraido  compound  was  found  to  be  vf  y resistant  to  base  hydrolysis. 

Under  more  drastic  conditions,  i.e  y using  ethylene  glycol  as  solvent, 
the  hydrolysis  went  much  faster,  the  product  formed  during  hydrolysis 
decomposed  rapidly,  apparently  du^  to  facile  oxidation  of  the  o-aminophenol 
ether  system,  as  nmr  spectrum  clearly  showed  the  disappearance  of  the 
OCH3  group. 


CH^O 


II2N 


A-40 


NO, 


A-50  a,  R=Cll3 
b.  R“CF-i 


Synthesis  of  another  target  compound,  l-(5-dlothylamino-2-pentyl)- 
5-mothoxyhonzimldazole  (A-bO),  was  initially  studied  according  to  the  follow 
Ing  reaction  schemes. 


B 


The  amino  group  of  /4-methoxy-2-nitroaniline  was  protected  by  a 
trifluoroacetyl  group  to  give  A-52,  which  was  reduced  catalytically  to 
yield  A-53.  I’rom  compound  A-53,  there  are  two  possible  routes  to  the  target 
compound  A-bO,  and  both  routes  have  been  studied.  Formylation  of  A-53  was 
achieved  with  acetic  formic  anhydride  prepared  in  situ  according  to  a literal 
ture  method.—'^  The  formylated  product  A-54  precipitated  almost  immediately 
upon  the  addition  of  A~53  to  the  mixed  anhydride  solution.  Compound  A-54, 
collected  as  a white  solid,  m.p.  190°,  had  two  carbonyl  absorption  bands. 

Tite  corresponding  acetylated  product  A-55  was  also  obtained  as  a white  solid. 
Hydrolysis  of  A-55  with  ammonium  hydroxide  in  aqueous  ethanol  at  50°  for  30 
min  gave  the  deacylated  compound  A-56,  which  was  difficult  to  purify.  Con- 
densation of  A-56  with  2, 2-dimethoxy-5-diethylaminopentane  (A-19)  gave  a 
liquid  A-57  (ir;  1600-1690  cm~^),  which  was  dissolved  in  ethanol  and  stirred 
with  NaBll^  to  yield  an  oily  material  A-58,  the  ir  spectram  of  which  had 
peaks  at  1660-1690  cm'^.  An  attempt  to  hydrolyze  the  acetyl  group  of  A-58 
by  refluxing  with  5 N HCl  for  4 hr  and  an  attempt  to  form  the  benzimidazole 
ring  by  refluxing  the  resulting  product  with  formic  acid  afforded  only  a 
small  amount  of  oily  material,  which  has  not  yet  been  characterized. 

Another  route  via  the  formylated  compound  A-54  was  also  studied. 
Hydrolysis  of  A-54  with'  aqueous  ammonia  in  aqueous  ethanol  at  room  temperature 
for  1 day  yielded  only  a small  amount  of  dark  red  oil  which  was  difficult  to 
purify. 

Preparation  of  N-<5-diethylamino-2-pentyl)-4-methoxy-2-nitro- 
aniline  (A-68)  by  the  treatment  of  2-nitro-£-anisidine  (^-51)  with  2-chloro- 
5-diethylaminopentane  hydrochloride  (A-64)  was  subsequently  studied.  When 
A-64  and  two  equivalents  of  A-51  were  heated  in  95%  ethanol  in  a steel  bomb 
at  170°  for  16  hr,  a product  isolated  through  column  chromatography  on 
alumina  was  not  the  desired  A-68  but  rather  4-methyl-2-nitro-N-ethylanillne 
(A-65)  according  to  its  nmr  spectrum.  Preparation  of  A-68  by  the  treatment 
of  4-ch loro-3-nitroanlsole  (A-66)  with  two  equivalents  of  2-amino-5-diethyi- 
ainlno-pontane  (A-67)  either  at  170-200°  in  a steel  bomb  for  20  hr  or  at 
lower  temperature  and  longer  reactions  times  using  DMF  as  solvent  was  also 
without  success. 


NH-CH2-CH3 


CH3-CH-(CH2)3'N(C2H5)2 

ilH2 


CH3-CH- (CH2 ) 2-N(C2H^),2 
A -68 


I 

V 

A-60 


^ Vj 

i ^ '--.‘jl 


^11 


Another  approach  to  the  synthesis  of  the  target  compound  A-60 
was  to  use  the  tosylated  anisidineli^  as  the  starting  material.  Nitration 


of  A-61  in  acetic  acid  gave  a good  yield  of  the  nitrotosylate  A-69.~'  The 
latter  was  also  prepared  in  better  yield  by  direct  tosylation  of  2-nitro-g_- 
anlsidine  (A-51).  Treatment  of  the  sodium  salt  of  A-69  in  ethanol  with  a 
concentrated  ether  solution  of  4-chloro-N,N-diethylpentylamine  (A-64,  the 
free  base  of  A-15),  according  to  the  procedure  of  King  et  al.— ' for  the 
preparation  of  an  analogous  compound,  failed  to  yield  the  desired  product 
A-70,  presumably  due  to  the  instability  of  A-64.  Attempts  to  isolate  and 
purify  A-64  by  distillation  resulted  in  a quantitative  conversion  of  A-64 
to  the  corresponding  cycllzed  pyrrolidine  salt  A-71, 

AltluHjgh  tl\e  dimethyl  ketal  A-19  condensed  with  ])-anlsidlne  to 
rnrm  a SclUff's  base,  It  did  not  condense  with  A-51  to  give  A-72,  presumably 
duo  to  iho  prosonco  oS  the  o-nltro  function.  Presently  it  Is  planned  to 
prepare  A-60  by  carrying  out  a reaction  between  4-bromo-3-nltroanisole-=^' 
(A-73)  with  novoldlamlne  (Jl-67)  according  to  the  general  procedure  of  Clemo 
and  Swan^'  followed  by  reduction  and  cyclizatlon.  Compound  A-73  was  pre- 
pared from  A-Sl  through  the  dlazonlum  salt  in  50%  yield. 
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Tlte  initial  approach  to  the  synthesis  oi  the  dimethoxylatcd  target 
compound  A-79  was  abandoned  for  the  same  reason  as  that  of  the  raonomethoxy 
analog  A-60,  l.e.,  the  instability  of  the  4-chloro-N,N-diethylpentylamlne 
(A-64),  'l1u'  nitrated  amino  derivative  A-77  is  a key  Intermediate  for  the 

preparation  of  A-79.  Accordingly,  4-brorao-5‘nttrovctatrolo  (A-81)  was  pre- 
pared by  nitration  of  A-80,  Treatment  of  A-81  with  novo Id lamlne  (A-19)  is 
in  progress.  Meanwhile,  it  was  also  found  that  4,5-dinltroverotrole  (A-33) 
condensed  with  A-19  at  115”  without  solvent  to  give  the  desired  Intermediate 
A-77  in  62%  crude  yield  as  a dark  orange  syrup.  Hie  latter  was  purified  by 
cclumn  chromatography.  Several  attempts  were  made  to  prepare  a crystalline 
salt  of  A-77  but  were  unsuccessful.  Compound  A-77,  however,  was  successfully 
reduced  to  A-78.  Cycileatlon  of  A-78  with  formic  acid  is  being  actively 
studied. 
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All  alieruative  approach  has  also  been  investigated.  This  involves 
alkylation  of  '),6-dimethoxybenzimidazole(A-84),  Tlie  required  o-phenylene- 
diamine  A-83  was  obtained  In  good  yield  by  catalytic  reduction  of  A-82;  sub 
sequent  cyclization  gave  a low  yield  of  A-84,  To  avoid  the  use  of  the  un- 
stable aminochloro  compound  A-64  as  the  alkylating  agent,  two  other  agents 
have  been  con'idered,  Tlie  bromophthalimide  A-87  was  prepared  and  will  be 
used  for  the  preparation  of  A-88.  Removal  of  the  phthalimide  group  from 
the  resulting  compound  followed  by  acylation  and  reduction  should  yield 
A-79.  One  attempt  to  prepare  the  other  alkylating  agent  A-85  by  treatment 
of  the  sodio  salt  of  ethyl  acetamide  with  1,4-dibromopentane  in  refluxing 
toluene  was  without  success.  Apparently  dehydrohalogenation  took  place  in 
the  basic  medium  and  only  ethyl  acetamide  was  recovered. 


i\ . o,8-Unsaturaied  Amino  Acids  and  Related  Compounds 


N-Acetyldehydroleucine  (B-4)  was  prepared  according  to  a literature 
method,—  The  intermediate  N-chloroacetyl-D,h-leucine— ^ (B-2)  was  prepared 
from  D,h-leucine  (B-1)  and  chloroaeetyl  chloride.  Compound  B-2  was  converted 
to  the  oxazolone  B-3  by  heating  with  acetic  anhydride.  Hydrolysis  of  B-3 
yielded  N-acetyldeliydroleucine  (B-4). 
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For  the  synthesis  of  2-(|>-chloroben2amido)crotonic  acid  (B-8),  a 
general  Schot ten- Baumann  cumlltlon^^was  followed  to  prepare  the  intermediate 
U-b.  Treatment  of  the  latter  with  benzoyl  chloride  in  pyrldlnci^^l^^yielded 
the  oxazolone  U-7  which,  U|ton  hydrolysis  with  base,  afforded  the  desired 
N-suSstituted  aminocrotunlc  acid  B-8. 
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l't*r  the  synilUiKls  of  a sulfur  analog  (C-5)  of  furanomycin,  U 
iM  iiocussary  tu  prepare  the  aldehyde  C-3.  Attempta  to  prepare  C-3  directly 
tiv  the  ruditcilun  of  the  corresponding  ester  C*la  were  not  realised.  It 
was  then  decided  to  prepare  C-3  via  the  intermediate  alcohol  C'2.  Reduction 
of  C'la  with  RKD-AL  gave  a low  yield  of  C-2.  The  reduction  will  be  repeated 
by  use  of  lithium  aluminum  hydride  or  diborane  on  either  the  ester  C-ln  or 
the  acid  (Mb.  An  attempt  to  oxidize  C*2  to  the  aldehyde  C-3  with  eelenium 
dioxide  on  graphite  lias,  thus  far,  been  unaucceaafuL. 
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Two  oCb«r  ttrgat  compoimdt,  2-amino-2-(3-fflethyl-2-furyl)acetlc 
acid  (C-14)  and  2- (3-methyl-2-tetrahydrofuryl) acetic  acid  (C-15) , were 
prepared  aa  follows:  Darzen's  glycldic  ester  condensation  of  4,4-dlmethoxy- 

2- butonone  (C*6)  and  methyl  chloroacetate  (C-7)  In  the  presence  of  sodium 
hydride,  and  subsequent  thermal  rearraogement  of  the  condensation  product 
C-8,  yielded  methyl  3-methyl-2-furoate^^  (C'9).  This  ester  was  hydrolyzed 
to  the  free  acid  C-10  and  decarboxylated  over  copper  in  quinoline  to  give 

3- methylfuranii^  C-11),  Vilsmeyer  formylation  of  C-11  with  phosphorus 
oxychloride,  and  dimethylformamide,  according  to  Chadwick,  et  al.,lZ^  yielded 
a mixture  of  3-raethylfuran-2-carboxaldehyde  (C-12)  and  4-methylfuran-2- 
carboxaldehyde  in  a ratio  of  30;4  (vpc).  No  effort  was  made  to  separate  the 
4*methyl  isomer  at  this  time.  The  formylated  product  was  then  converted  to 
the  corresponding  hydantoln  C-13,  which,  in  turn,  was  hydrolyzed  to  the  amino 
acid  C-14  by  the  usual  procedure. Catalytic  hydrogenation  of  C-14,  yielded 
the  corresponding  tetrahydru  compound  C-15. 
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2-(£-Chlorophenyl)-2-cyanotetrahydrofur*n  (C-25) , the  Intermediate 
needed  tor  tl»e  preparation  of  the  target  compound  C-16  and  other  target 
compounds  C-l7  and  C-18,  has  been  prepared. 
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riie  benzoyl lactone  C-21,  a precursor  of  4-bromo-4' -chlorobutyro- 
plienoiu!  (C'24),  was  initially  prepared  by  condensation  of  ethyl  £-ch1oro- 
benzoate  (0-19)  with  ethyl  acetate  In  the  presence  of  sodium  hydride29/ 
followed  by  treatment  with  ethylene  oxide. Since  the  yield  of  C-21  was 
low  and  the  procedure  was  rather  tedious,  a different  method,  one  Involving 
acylation  of  oracetyl-y-butyrolactone^^  (C-22),  was  then  used.  The 
sodium  salt  of  C-22  was  treated  wtth  £-chlorobenzoyl  chloride,  cracetyl- 
Y-(^-chlorobcnzoyl)-Y-butyrolactone  (C-23)  was  readily  obtained,  which 
could  be  deacetylated  to  the  benzoyllactone  C-21  on  treatment  with  amjnonium 
chloride  in  aqueous  antmonia.  hater,  it  was  found  that,  for  the  preparation 
of  C-21,  it  is  more  convenient  to  use  the  magnesium  salt  rather  than  the 
sodium  salt  of  C-22  in  the  acylation  reaction.  In  this  manner,  the  desired 
bonzoyllactono  C-21  was  obtained  in  satisfactory  yield  in  a single  stop. 


On  heating  with  hydrobroniic  acid,  the  benzoyllactone  C-21  was 
readily  converted  into  4-bro3io-4'-chlorobutyrophenone  (C-24) , which,  on 
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tveatnuMU  will*  cuprous  cyanide  in  bollluK  benzene,  according  to  the  pro- 
cedure ol  Urous, il^  yielded  the  tetrahydrofuran  derivative  C-25.  This  prod- 
uct was  a clear  liquid  wttcn  first  distilled,  but  gradually  turned  yellow. 
Efforts  to  purify  this  compound  by  repeated  distillation  were  not  quite 
successful,  as  no  correct  elemental  analysis  could  be  obtained.  Neverthe- 
less, on  catalytic  reduction  in  the  presence  of  Raney  nickel  and  seroicar- 
btuide.ii^  the  nitrile  compound  C-25  was  smoothly  converted  into  a semi- 
carbanone  of  the  corresponding  aldehyde  C-26,  which  was  characterized.  An 
effort  to  prepare  the  hydantoin  C-27  from  C-26  by  the  conventional  method 
was  conducted,  but  so  far  no  solid  product  could  be  obtained.  Hydrolysis  of 
the  crude  product  C-27  to  the  target  compound  C-16  is  being  studied. 
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Since  the  desired  hydroxymethyl  compound  D-11  could  only  be  isolated 
by  column  chromatography  in  small  quantity  by  Red-Al  reduction  of  the  eater 
D-10,  a more  practical  preparative  method  was  therefore  sought.  We  have 
attempted  to  improve  the  reaction  conditions  of  this  reduction  but  had  little 
success.  Invariably  a mixture  of  products  resulted,  and  the  desired  product 
was  difficult  to  isolate.  This  difficulty  is  apparently  due  to  simultaneous 
reduction  of  the  quinoline  ring  by  the  reducing  agent.  On  the  other  hand, 
lithium  aluminum  hydride  is  not  so  reactive  toward  this  ester  group,  as  the 
reduction  was  found  to  be  very  slow  in  ether  solution.  In  refluxing  THF 
solution  the  ester  group  was  only  slightly  reduced  after  1 day»  Because  of 
this  unexpected  problem,  this  route  is  not  being  explored  further.' 

In  a modified  first  approach,  which  is  shown  in  the  following  two 
schemes,  we  tried  to  prepare  the  aldehyde  D-IS  by  reduction  of  the  ester  D-10 
with  diisobutylaluminura  hydride  at  -60®  or  -30®,  or  with  Red-Al  at 
This  reaction  also  did  not  succaed  and  only  the  starting  ester  was  recovered. 
Apparently  the  3-quinolii^ecarboxyl  group  is  comparatively  unreactive  toward 
these  reducing  agents  at  low  temperature.  At  higher^ temperatures  these 


reagents  would  obviously  attack  the  quinoline  ring, 
tlon  of  a mixture  of  products. 
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llie  second  approach  we  have  explored  is  centered  on  the  proposed 
addition  o£  the  carbanion  generated  from  the  quinolineacetate  D-29  to  the 
pipcridineacetate  D*31  followed  by  hydrolysis  and  decarboxylation.  Ethyl 
4-hydroxy-3-quinolineacetate  (D-27)  was  prepared  in  low  yield  by  thermal 
cycliisatlon  of  the  Intermediate  D>26»  which  was  readily  obtained  from 
atxiline  and  ethyl  formylsuccinate. 
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Conversion  of  the  4-hydroxy  function  of  the  compound  D-27  to  the 
corresponding  chloro  compound  B-21  was  readily  carried  out  by  the  action  of 
phosphorous  oxychloride,  and  the  structure  of  the  product  was  substantiated 
by  nmr.  However,  on  treatment  with  excess  sodium  methoxide  in  methanol 
solution,  the  chloro  compound  D-28  did  not  yield  the  desired  methoxy  compound 
D-29.  In  fact,  very  little  neutral  product  could  be  Isolated  by  ether 
extraction.  After  being  acidified  to  pH  5-6,  there  was  formed  a little 
solid  product  which  showed  only  weak  carbonyl  absorption  in  ir.  Similar 
results  were  obtained  in  several  other  experiments,  including  one  using 
cuprous  iodide  as  catalyst  and  at  higher  temperature,  On  the  other  hand, 
the  4-chloro  compound  D-28  appeared  to  be  quite  stable  to  methanolysis  in 
the  absence  of  sodium  methoxide,  even  at  temperatures  up  to  140°. 

We  have  tried  to  condense  a dianlon  D-32,  which  was  formed  by  the 
action  of  two  equivalents  of  lithium  diieopropylamide  on  the  hydroxyester 
D-27,  with  the  piperidineacetate  D-21,  but  the  reaction  did  not  appear  to 
have  taken  place.  When  compound  D-27  was  added  to  a IHF  solution  of  two 


equivalents  of  lithioisopropy lamide,  a white  precipitate  was  formed.  When 
this  was  heated  with  one  equivalent  of  D-21  at  40-45®  for  3.5  hr,  the  reac- 
tion mixture  still  remained  cloudy  and,  after  it  was  worked  up,  only  the 
starting  quinoline  D-27  was  recovered.  The  insolubility  of  the  dilithio 
compound  D-32  in  THF  may  presumably  be  responsible  for  the  failure.  It  is 
therefore  obvious  that  the  4-hydroxyl  function  of  D-27  should  be  protected 
prior  to  this  condensation  reaction. 
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Attempted  direct  raethylation  of  the  4-hydroxy  group  of  compound 
D-27  was  carried  out  in  DMF  with  methyl  iodide  and  potassium  carbonate, 
in  aqueous  methanol  with  the  same  reagents,  and  in  chloroform  with  diazo- 
methane. These  reactions  all  failed  to  give  the  desired  methyl  ether  D-29. 
Protection  of  the  hydroxy  function  as  tetrahydropyranyl  ether  or  by  trimethyl 
silyl  group  was  also  studied.  Tliese  derivatives  could  not  be  formed  under 
nomal  reaction  conditions,  probably  due  to  tautomerism  of  the  4-hydroxy- 
quinoUne  system. 

Subsequently,  attempts  were  made  to  convert  the  hydroxyester  D-27 
to  the  lactone  D-30.  These  experiments  were  also  unsuccessful.  The  reaction 
conditions  and  results  are  suontarized  below: 

(1)  Boiling  D-27  in  methanolic  hydrochloric  acid  for  I day 
resulted  in  the  formation  of  methyl  ester  (ester  exchange). 

(2)  Boiling  D-27  in  methanolic  aqueous  potassium  hydroxide  for 
1 day  followed  by  addition  of  dilute  hydrochloric  acid.  The  mixture  was 
boiled  again  for  8 hr  with  the  same  result  as  above. 

(3)  Boiling  D-27  in  concentrated  hydrochloric  add  for  1 day 
results  in  the  formation  of  a little  high  melting  solid  (>  250^)  with  much 
weaker  carbonyl  absorption  in  ir. 

(4)  Boiling  D-27  in  507.  sulfuric  acid  for  2 days:  similar  result. 

(5)  Treatment  of  D-27  with  sodium  hydride  in  DMF  at  room  tempera- 
ture for  3 days:  no  product  could  be  Isolated  at  pH  S. 

A third  approach  involves  construction  of  the  entire  side  chain 
portion  prior  to  the  cyclization  of  the  quinoline  ring.  As  early  as  1946, 


it  was  shown  that  3-alkyl-4-quinollnols  could  be  prepared  by  alkylation  of 
anl linocrotonates  followed  by  thermal  cyclization. 5^x22.^  For  example,  endo 
t!»ln  (D-35)  was  obtained  in  good  overall  yield  by  alkylation  of  ethyl 
H-(:}-methoxyani lino)crotonate  (D-33)  with  heptyl  iodide  and  subsequent 
thermal  cyclizatlon  of  the  alkylated  product  D-34. 


prt'pared  according  to  the  literature  methods.  Isomerization  of  the  cis- 
isoiiH?r  to  tlio  trnns -Isomer  was  carried  out  at  the  ketone  stage. Com- 
pound D-38,  wttiuh  contains  an  cr-bromoketone,  would  bo  a good  alkylating 
agent , 
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Wl>t  n ot'  D-39  was  carried  out  with  the  eodlo  haJi  ot 

c«Mii|>oiiml  D-38  in  toluene  at  50*60*  for  6 hr  and  at  room  temperature  fur 
2 days,  a snuill  amount  of  an  oily  product  was  obtained.  Based  on  its  nmr 
spectrum,  the  oily  substance  was  not  the  desired  product  D-40.  Ulien  the 
reaction  was  carried  out  under  more  drastic  reaction  conditions,  such  as 
heating  the  mixture  at  100-110*  for  1 hr,  the  reaction  mixture  darkened  and 
a number  of  products  <tlc)  were  foxtoed. 

Since  com|)ound  0-38  turned  dark  red  at  0*  in  a few  days,  it  was 
believed  that  the  aforementioned  reaction  conditions  may  be  too  severe  and 
a lower  reaction  temperature  might  be  useful.  Accordingly,  the  following 
alkylation  reaction  was  attempted. 
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Ethyl  Bodioformylacotate—  (D-41)  was  prepared  ijn  situ  by 
stirring  equivalent  amounts  of  ethyl  acetate , ethyl  formate,  and  sodium 
dispersion  in  ocher  at  room  temperature  for  2 days  under  nitrogen.  An 
equivalent  amount  of  D-38  was  then  added  and  refluxed  for  11  hr,  followed 
by  addition  of  an  equivalent  amount  of  ethyl  anthranilatc.  The  mixture, 
after  being  refluxed  for  an  additional  10  hr,  still  contained  taostly  the 
starting  ethyl  anthranilate  and  only  a small  amount  (<  5%)  of  an  aromatic 
compound  was  formed,  us  detected  by  tic  (silica  gel  with  fluorescent  indicator) 
Addition  of  acetic  acid  to  the  mixture  and  refluxing  for  2 hr  did  not  change 
the  characteristics  of  the  reaction  mixture.  Tlic  small  amount  of  aromatic 
compound  was,  therefore,  not  isolated  and  Identified. 

A modified  third  approach  we  have  recently  initiated  to  study  is 
depicted  in  the  following  scheme.  Uc  have  already  prepared  100  g of 
3-roethoxy-2-methylpyridlne.  The  diethyl  acetal  of  3-cyanopropanal,  the  pre- 
cursor of  the  other  starting  material,  is  commercially  available.  The 
pivotal  stop  in  this  route  will  be  the  base  catalyzed  cyeltzatlon  of  u*>4S 
to  the  dlhydroqutnoline  system  0-46. 


III.  liXPERIMENTAL 


-Diethyl -N^- (3, 4'dimethoxyphenyl) -l,4“pentanediamlne  (A-3) 

A mixture  of  16.7  g (0.1  mole)  of  4-nitroveratrole  (A-1),  18.8  g 
(0.12  mole)  of  5-dlethylamino-2-pentanone  (A-2),  100  mg  of  platinum  oxide, 

10  ml  of  acetic  acid  and  175  ml  of  absolute  ethanol  was  hydrogenated  at 
60  psig  for  72  hr.  The  resulting  mixture  was  filtered  and  the  filtrate 
evaporated  vacuo  to  a dark  oil.  This  was  distilled  to  give  22  g (727o 
yield)  of  a light  red  liquid,  b.p.  l47-152®/0.05  mm;  ir:  3400  cm“^  (NH) ; tic: 
Rf  0.54  (Al203-acetone) . 

Ana  1 . Calcd.  for  C17H3QN202:  C,  69.34;  H,  10.27;  N,  9.52. 

Found;  C,  69.46;  H,  10.51;  N,  9.68. 

4-Bromoveratrolti  (A- 5) 

A literature  method^^  was  followed.  A mixture  of  207  g (1.5  mole) 
of  veratrole,  267  g (1.5  mole)  of  N-broraosucclnlmide,  and  240  ml  of  CCl^ 
was  placed  in  a round  bottom  flask  equipped  with  a reflux  condenser  pro- 
tected by  a CaCl,  drying  tube.  The  mixture  was  refluxed  on  a steam  bath 
for  6 hr,  then  allowed  to  stand  overnight  at  room  temperature.  The  insolu- 
ble succinimlde  was  separated  from  the  dark  rod  solution  by  filtration  and 
washed  witli  001^  (3  x 60  ml).  The  combined  filtrate  and  waahings  wore 
evaporated  and  tlie  residual  liquid  fractionally  diatllled  iji  vacuo  to 
give  271  g (H47.  yield)  of  4-bromovcrntrole  (A-5)  as  a pale  yellow  oil, 
b.p.  102-10972  iwu.  (llt,-2'  b.p.  1I7-U9.575  mm). 


4-Uromo-5-nltrovcratrolo  (a-6) 

A literature  mcthod^^  was  followed.  To  75  ml  of  concentrated 
HNO3  at  lO*'  was  added,  with  stirring,  21.7  g (0.1  mole)  of  A-5  during  20  min* 
The  temperature  rose  to  40”.  Stirring  was  continued  at  room  temperature 
for  30  min.  The  solution  was  poured  into  100  ml  of  Ice  water  and  the 
resulting  mixture  stirred  for  30  min.  'flie  precipitated  product  was  col- 
lected by  filtration  to  give  17.2  g (667.  yield)  of  A-6,  m.p»  106-110*. 

Throe  ICC  rys  to  luxations  gave  an  analytical  sample,  m.p.  120-121*  (lit,~' 
ra.p.  122-124*). 


Anal.  Ciilcd  for  CgUgBrOA*. 
C,  36. B9;  U,  3.32;  N,  5.26. 


C.  36.67;  H,  3.05;  N,  5.34.  Found: 
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4-Bronio-!>-r(5-dlethvlainino-2-pentvl)amlno1veratrole  (A-9) 

A mixture  of  10.5  g (0.04  mole)  of  A-6  and  5%  Pt/C  in  150  ml  of 
benzene  was  hydrogenated  at  30  psig.  The  tiydrogenation  was  completed  in 
70  min.  Catalyst  was  removed  by  filtration,  and  the  filtrate  was  evapor- 
ated under  reduced  pressure  to  yield  crude  A-7 as  a light  brown  liquid,  the 
ir  of  which  had  a characteristic  NH2  absorption  at  3450  and  3350  cm  . 

The  crude  A-7was  mixed  with  8.8  g (0.044  mole)  of  5”diethylamino-2,2- 
dlmethoxypentane  and  0.2  g of  £-toluenesulfonic  acid  monohydrate,  and 
was  heated  with  stirring  at  160-165°  for  2 hr.  After  cooling,  the 
reaction  mixture  was  diluted  with  180  ml  of  Et20,  washed  with  30  ml  of 
5%  Na2C03  and  30  ml  of  saturated  aqueous  NaCl,  then  dried  (K2CO3).  Removal 
of  Et20  afforded  crude  A-8  as  a light  brown  liquid,  Ir  (neat)  1660  cm  ^ 

(C=N) . 

n»e  crude  A-8  was  dissolved  in  100  ml  of  absolute  EtOH  and  cooled 
to  0-5°  in  an  ice  water  bath.  To  the  solution  was  added,  in  several  por- 
tions, 5 g of  NaBH^.  Tlie  resulting  mixture  was  stirred  at  room  tempera- 
ture overnight.  It  was  diluted  with  400  ml  of  H2O,  extracted  with  Et20 
(3  X 100  ml)  and  dried  (MgSO^).  Evaporation  of  the  solvent  yielded  12  g 
of  crude  A-9as  a liquid.  Kugelrohr  distillation  at  80-85*/0.3  mm  removed 
the  lower-boiling  component  from  the  product  and  analytically  pure  A-9, 

9.6  g,  was  collected  at  125-130°/0.3  m.  The  overall  yield  of  A-9  from  A-6 
was  65%. 

Compound  A-9  had  the  following  characteristics}  ir  (neat):  3400  cm‘^ 

(Nil);  uv;  \ 247  (e  14,200)  and  312  nro  (c  5,600);  nmr  (CDCI3):  6 0.96 

(6H,  t , J ® 6 cps,  two  terminal  CH3  of  the  diethyl  group),  1.18  (311,  d, 

J » 6”cps,  CH3  attached  to  the  C-l  of  butyl  group),  1.36-1.70  (411,  m, 
protons  at  C-2  and  C-3  of  the  butyl  group),  2.20-2.64  (6H,  m,  three  CHg 
protons  attached  to  the  tertiary  N),  a broad  peak  at  3.40  (IH,  mcthlne 
proton  at  C-l  of  the  butyl  group)  3.68  and  3.74  (611,  s^,  two  OCU3),  6.22 
and  6.88  (211,  s,  tw'  aromatic  protons). 

Ann  1 . Culcd  for  Cj7H29BrN202J  C,  54.72;  H,  7,77;  N,  7.51. 

Found:  C,  55.00;  H,  7.95;  N,  7.47. 


2-l^rumo-4 , !)-nu<thy  I unedloxy-N-  (5-dlctlty  lamlno-  2-pentyl)  aniline  ( A - 1 3 ) 


A solution  ot  9 g (0.038  mole)  of  2-bromo-4,5-methylenedioxynitro- 
benzene  (A- 10)  in  150  ml  of  benzene  was  hydrogenated  under  44  psig  in  a Parr 
hydrogenator  in  the  presence  of  5%  platinum-on-charcoal.  A theoretical  amount 
of  H2  was  absorbed  after  4 hr.  The  catalyst  was  removed  by  filtration  and 
benzene  was  distilled  from  the  filtrate  under  N2.  The  residual  crude  2-bromo- 
4,5-methylenedioxyaniline  (A-11)  [its  ir  spectrum  had  the  NH  absorption  at 
3400  and  3300  cm"^]  was  mixed  with  8 g of  2,2-dimethoxy-5-dlethylarainopentane 
and  0.2  g of  £-toluenesulfonic  acid  monohydrate  and  heated  with  stirring  at 
IbO-lbS”  for  2 lu'.  Methanol,  one  of  the  reaction  products,  was  removed  by 
distillation  during  the  heating.  After  being  cooled,  the  reaction  mixture 
was  diluted  with  200  ml  of  Et20.  The  solution  was  washed  with  5%  Na2C03, 
then  with  saturated  NaCl  solution,  and  dried  (K2CO3).  Evaporation  of  the 
solvent  yielded  the  anilA-12as  a light  brown  liquid.  Its  ir  showed  a 
medium  absorption  of  C=N  at  1660  era*l. 

The  crude  anilA-12was  dissolved  in  30  ml  of  absolute  EtOH,  followed 
by  portionwise  addition  of  3 g of  NaBH4.  The  mixture  was  stirred  overnight 
at  room  temperature  and  excess  NaBlI^  was  decomposed  by  addition  of  300  ml  of 
H2O.  The  resulting  aqueous  solution  was  extracted  with  Et20  (3  x 70  ml)  and 
dried  (K2C0<j).  Evaporation  of  solvent  afforded  a dark  brown  liquid.  This 
was  dissolved  in  3 ml  of  CHCI3  and  column  chromatographed  over  100  g of 
silica  gel  (Woclm,  Act.  I)  eluting  initially  with  900  ml  of  CHCI3,  then  with 
823  ml  of  (TIUI 3-^kM)||  (9:1).  The  fraction  from  CIICI3  eluent  contained  1.3  g 
of  a dark  briiwu  liquid,  which  was  a mixture  of  A- 13  and  other  impurities. 

Tlie  fraction  fr«'m  ('.Ilflli-MeOll  contained  6.5  g of  A- 13*  Molecular  distillation 
of  the  latter  at  ll0-U5*'/0.4  mm  gave  5.5  g (40%  overall  yield)  of  analytically 
puroA-l3.  ir  (neat):  3400  (NH),  2790  cm"!  (O-CH2-O),  nrar  (CDCI3):  6 0.96 
(t,  .1*6  eps,  611,  two  CII3  of  the  ethyl  group),  1.15  (d,  J ■ 6 cps,  3H,  CH3 
of  the  l-methylbutyl  group),  1.25-1.70  (tn,  4H,  two  Cll2  C^l  and  C-2  in  the 
butyl  group);  2.20-2.68  (m,  6H,  three  C)l2  around  the  terminal  N atom),  3.12- 
3.30  (in,  lit,  raethine  proton  on  C atom),  3.72  and  3.80  (1.H,  proton  on  N atom), 
3.72  (^,  2U,  0-CH2'0),  6,23  and  6.80  (two  s,  211,  aromatic  11), 

Anal.  Calcd.  for  Ci6ll25BrN202:  C,  53.78;  H,  7.05;  N,  7.84. 

Found:  C,  53.50;  11,  7.17;  N,  7.81. 

5-l)tethvlamino“2-pontanol  (A- 14) 

To  .'I  stirred  solution  of  83  ml  (0.28  mole)  of  70%  RBD-Al.  lu 
benzeue  (Aldrich)  .ind  250  ml  of  dry  benzene  under  nitrogen  was  added, 
during  43  min,  a solution  of  78  g (0.5  mole)  of  5-dlethylomlno-2-pentanone 
(A- 2)  in  150  ml  of  dry  benzene,  the  mixture  was  stirred  for  4 hr  and  the 
syrupy  rtuiction  mixture  was  slowly  added,  through  a dropping  funnel,  to  a 
stirred  ice-cold  solution  of  130  ml  of  20%  sodium  hydroxide,  After  2 hr, 
the  upper  organic  layer  was  separated  and  the  lower  aqueous  layer  extracted 
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with  ether  (2  x 50  ml).  The  organic  layer  and  the  ether  extracts  were  com- 
bined, dried  and  evaporated.  The  residue  was  distilled  vacuo  to  give 
65  g (8U  yield)  ofA-14,b.p.  87-89“/6  mm  (Lit.^/  b.p.  80  V3  n«i) . 


4-Ch loro-N, N-dlethylpentylamine  Hydrochloride  (A- 15) 

To  a stirred  solution  of  62.5  g (0.4  mole)  of  A- 14  In  160  ml  of 
chlorolorm  Ml  -10"  wn.s  added  dropwlsc,  during  30  min,  a solution  of  30  ml 
(49  g;  0.41  mole)  f thionyl  chloride  in  65  ml  of  chloroform.  The  mixture 
was  allowed  lo  wana  to  room  temperature  overnight.  It  was  then  evaporated 
in  vacuo  to  a syrup  (^.  100  g)  . This  was  shaken  vigorously  with  250  ml  of 
ethyl  acetate.  The  resulting  solid  was  collected  by  filtration  and  washed 
with  cold  ethyl  acetate.  There  was  obtained  55  g (64%  yield)  of  crude 
A-13,m.p.  85-87°.  Kecrystallization  from  ethyl  acetate  yielded  an  analyti- 
cally pure  sample,  m.p.  96-97°  (Lit,^^  m.p.  98°). 


6-NltroquinoxaUne  (A-17) 

The  procedure  of  Jones  and  McLaughlin  for  the  preparation  of 
quino.saline~^  was  followed,  (i I yoxal- sodium  bisulfite  adduct  was  prepared 
by  mixing  150  ml  of  40%  glyoxal  (1.44  mole)  (Aldrich)  and  218  g (2.08  mole) 
of  sodium  hi.suUite  In  1,000  ml  of  hoi  (60")  water  and  subsequent  heating 
of  llu'  rosuUlng  .solution  at  60“  for  30  min.  The  hot  mixture,  which  con- 
la  Inod  the  pt'oclpi lated  adducl,  was  added  to  a stirred  suspension  of  153  g 
(1  mole)  i)f  4-ul iro-o-plumylunedlamlne  (A-16)  and  2,000  ml  of  hot  (70*) 
water.  The  re.sultlng  mixture  was  heated  at  70*  until  all  solids  were  dis- 
solved I hr).  After  cooling  to  room  temperature,  400  g of  Na2003>2ll20 
was  added  with  stirring.  The  precipitated  solids  were  collected  by  filtra- 
tion and  dried.  It  was  dissolved  In  5.5  liter  of  95%  ethanol  and  filtered 
white  hot.  The  filtrate,  on  cooling,  gave  62  g (35%  yield)  of  6-nltroquln- 


oxaline,  m.p,  177-179*  (Lit,— ' 


177°). 


6-AminoquiuoxaUnc  (A- 18) 

9/ 

The  method  of  Case  and  Brennan"  was  used.  A mixture  of  41  g 
(0.23  mole)  of  A-17,  161  g of  8nCl2*2H20  and  700  ml  of  ethanol  was  refluxed 
for  5 hr.  The  resulting  solution  was  conccutvated  to  about  100  ml  and 
decanted  from  the  dark  red  precipitate.  The  ctlianol  solution  was  baslfied 
with  20?.  Maou.  The  resulting  precipitate  was  separated  by  filtration  and 
the  filtrate  extracted  with  ether  (4  x 200  ml)  and  dried  (MgSO^^).  Evapora- 
tion of  ether  yielded  a brown  solid,  which  was  dissolved  in  500  ml  of  ben- 
zene. the  solution  was  concentrated  in  vacuo  to  100  ml  and  chilled  to 
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aftord  14  g (417,  yield)  of  6-aminoqulnoxallne  (A-18)  as  a brown  solid, 
m.p.  152-155“  m.p.  157-158“). 

5-Diethylainino-2 . 2-dlmethoxypentan&^^  ( A- 1 9 ) 

Method  I 

A stream  of  dry  hydrogen  chloride  was  passed  through  a solution  of 
h2.8  g (0.4  mole)  of  5-diethylamlnopentan-2-one  In  330  ml  of  CH3OH  until 
14.5  g of  IlCI  was  absorbed.  To  the  resulting  solution  was  added  50.8  g 
(0.48  mole)  ol'  irlmethyl  orthoforinace  and  the  mixture  was  refluxed  for 
30  min.  The  reaction  solution  was  poured  into  a beaker  containing  800  ml  of 
saturated  NU2C03  solution.  The  resulting  basic  solution  was  extracted  with 
ether  (4  x 200  ml),  dried  (K2CO3) , and  evaporated  to  give  a dark  red  liquid. 
It  was  distilled  to  obtain  46.7  g (58%  yield)  of  A-19  as  a colorless  liquid, 
b.p.  86-89“/3. 1-4.0  m\  (Lit.Ifi/  b.p.  106“/8  nun). 

Method  2 


A bettor  yield  of  A-19  could  be  obtained  by  the  use  of  redlstillated 
5-diethylnmiuopontan-2-one.  Thus,  79  g (0.5  mole)  of  the  redistHled  ketone 
in  400  ml  of  CU3QH  was  .saturated  with  dry  hydrogen  chloride  uiv  .1  the  solu- 
tion absorbed  18  « of  IICl.  Trlraethyl  orthoformato  (63.5  g,  ( .6  mole)  was 
t!»en  added  and  the  mixture  was  refluxed  for  30  min.  After  overnight  standing, 
the  reaction  mlxltire  was  poured  Into  1,000  ml  of  saturated  aqueous  Na2C03 
x«>luttou  aud  the  resulting  mixture  extracted  with  Kt^O  (3  x 400  ml).  The 
extract  was  dried  (K2OO3)  and  evaporated.  Distillation  of  the  residue 
gave  96.4  g (98%  yield)  of  5-dtethylamino-2’,2-dimethoxypentaiio  as  a color- 
less liquid,  b.p.  78-82  V2. 5-3. 2 mm, 

6 • r 5 - Dl 0 1 hy i ami no - 2 - pen  ty I ) amino  ^qu inuxa 1 1 no  (A-21) 

A mixture  of  10.9  g (0.075  mole)  of  6-aralnoquinoxallne  (A-18) 

20.8  g (0.09  mole)  of  5-diethylamlno-2,2-dlmethoxyp«ntane  (A-19),  and 
100  mg  of  ))-tolucnesulfonic  acid  menohydratc  was  stirred  and  heated  in 
an  oil  bath  at  160"^  for  3 hr.  Methanol  was  removed  by  distillation  during 
the  reaction.  The  resulting  mixture  was  diluted  with  505  ml  dcher  and 
washed  successively  with  50  ml  each  of  5%  Na2C05,  water  and  aaturated 
sodium  chloride  solution.  After  being  dried  over  the  «tHer::^oiutipn 

was  evaporated  to  yield  a dark  red  residue;  ita  Ir  (neat)  had  a strong 
absorptloti  band  at  1660  cm'^. 


The  dark  red  liquid,  which  contained  the  intermediate  anil  A-20, 
was  subjected  directly  to  sodium  borohydride  reduction  without  further 
purification,  it  was  dissolved  in  270  ml  of  absolute  ethanol  and  stirred 
with  7.5  g of  NaBH,^  at  room  temperature  for  20  hr.  The  resulting  solution 
was  diluted  with  500  ml  of  water  and  extracted  with  ether  (3  x 150  ml). 

The  combined  ether  solution  was  dried  (K2CO-J)  and  evaporated  to  give  a 
viscous  dark  red  liquid.  Its  ir  spectrum  (neat)  had  a strong  NH  absorption 
band  at  3250  cm"^  and  no  C=N  absorption  at  1660  cm“^  was  observed.  The 
crude  product  was  dissolved  in  30  ml  of  chloroform  and  column  chromato- 
graphed on  350  g of  silica  gel  (Woelm,  Act  1) , eluting  with  CHCl3-Me0H 
(4; 1) . The  eluant  was  monitored  frequently  during  the  chromatographic 
process  by  tic  (silica  gel,  CHCl3-MeOH,  4:1).  The  first  280  ml-fraction 
contained  both  unreacted  6-aminoquinoxaline  (A- 18)  and  5-diethylaminopentan- 
-2-one.  Tlie  next  200  ml-fraction  (2.2  g after  evaporation)  contained 
mostly  the  desired  product  A-21  but  was  still  contaiminated  by  a small 
amount  of  reactants  A-18  and  A-19.  The  third  2250  ml-fraction,  (8,0  g 
after  evaporation)  contained  mostly  the  desired  product  A-21  but  was  con- 
taminated by  a red  material.  The  overall  yield  of  A-21,  up  to  this  stage 
of  purification,  was  47%.  The  material  obtained  from  the  preceding  third 
fraction  was  again  column  chromatographed  using  alumina  (Woelm,  neutral, 


Act  I,  150  g)  as  the  absorbent  and  chloroform  as  eluant.  The  fractions 
prior  to  the  elution  of  a yellow  band  were  discarded.  The  first  100  ml 
fraction  of  the  yellow  eluant  contained  4,(i  g of  the  product  A-21  and  the 
.second  500  ml-fractlon  contuliu'd  3.0  g of  A-21;  the  red  material  remained 
in  the  eolumn,  'fho  recovery  of  the  desired  product  from  the  previous  chroma- 
tographic purification  was  957„.  The  Ir  spectrum  (neat)  of  A-21  had  a 
strong  NH  absorption  at  3250  cm*^.  The  nmr  spectrum  (CDCI3)  had  two 
doublets  at  6 8.52  and  8.36  (J«2  cps,  2H,  protons  at  C-2  and  C-3) . 


[Assignment  of  the  aromatic  protons  is  based  on  a comparison  with  6- 
aminoquinoxaline,~^  with  the  assumption  that  electron  density  distribution 
on  the  ring  of  both  compounds  is  comparable].  One  doublet  at  6 7,70 
(j  g=9  cps,  IH,  proton  at  C-8) , a quartet  at  7.01  (J7_g“9  cps,  cps, 

IH,  proton  at  C-7),  a doublet  at  6,83  cps,  IH,  proton  at  C-5) , 

a multiplet  at  3.55  (IH,  methine  proton  on  the  side  chain),  a multiplet  at 
2,56-2.22  (6H,  throe  methylene  protons  attached  to  tertiary  nitrogen  on  the 
side  chain),  a multiplet  at  1.70-1.40  (4H,  two  methylene  protons),  a doublet 
at  1.22  (J-6  cps,  311,  CH3) , a triplet  at  0.96  (J«7  cps,  6H,  two  at  the 

diethyl  terminal),  and  twin  peaks  at  5.05  and  4,98  (IH,  NH), 

Disil nation  of  the  product  obtained  from  the  second  fraction 
(3  g)  using  the  Kugelrdhr  Distillation  Apparatus  at  an  over  temperature 
of  125  + 3"  (0.1  mm)  gave  2.0  g of  analytically  pure  sample. 
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2-MethQxy-A,5-dinltroacetanlllde  (A- 23) 


r lP  ! 


1 1 


To  a suspension  of  84  g (0.5  mole)  of  2-methoxy-5-nitroaniline  (A-22) 
(Aldrich)  in  450  ml  of  AcOH  at  room  temperature  was  added  150  ml  of  Ac20 
in  one  portion.  The  suspension  became  clear  but  soon  a green  solid  preci- 
pitated whereupon  the  temperature  of  the  reaction  mixture  spontaneously 
rose  to  45°.  The  mixture  was  scirred  for  30  min  and  cooled  to  room  tem- 
perature with  a cold  water  bath.  To  the  mixture  was  added  dropwise 
50  ml  of  red  fuming  HNO3  (d.  1.56)  in  1 hr.  The  green  solid  redissolved 
toward  the  end  of  the  addition.  The  resulting  solution  was  stirred  at 
room  tomporature  for  another  4 hr,  then  poured  into  2500  ml  of  ice  water. 

The  aqueous  layer  was  decanted  and  the  remaining  paste  washed  three 
times  with  ice  water.  To  the  paste  was  added  300  ml  of  MeOK,  Trituration 
and  pulverization  of  the  paste  yielded  a yellow  solid,  which  was  collected 
and  recrystallized  from  700  ml  of  MeOH  to  afford  24  g (187o  yield)  of  A-23 
as  yellow  needles,  m.p.  162-163*’  (lit,-^^ro.p.  162-163°);  ir  (KBr) : 3380, 

1700  cm'^  X EgH  254  nra  (e  16,900). 

Anal . Galcd  for  C,  42.35;  H,  3.53;  N,  16.47.  Found: 

C,  42.17;  U,  3.58;  N,  16.27. 


6-MethoxV’-7-ncetamidoqulnoxallne  (A-25) 

A mixture  of  12.8  g (0.05  mole)  of  A-23  and  I g of  107«  Pd/C  in 
250  ml  of  MeOU  wa.s  hydrogenated  at  40  pslg  for  90  min.  Catalyst  was  re- 
moved by  f lU  ration  and  the  flUrote  evaporated  to  give  crude  2-methoxv- 
4,5-dlaminoacetanilide  (A-24)  aa  an  oily  residue,  which  turned  darK  green 
on  exposure  to  air. 

The  oil  A-24  w»^s  dissolved  in  120  ml  of  H2O  and  stirred  with  14  g 
(0.052  mole)  of  glyoxal  dlsodlum  bisulfite  at  70°  for  2 hr.  The  resulting 
yellow  .solid  waa  collected  by  filtration  to  give  5.4  g of  the  quinoxallne 
A-25.  Addition  of  20  g of  Na2C03  to  the  filtrate  precipitated  another  4,4  g 
of  A-25,  The  filtrate  resulting  from  the  second  filtration  was  extracted 
with  CH<,CL^  (4  X 50  ml)  to  obtain  still  additional  0.4  g of  the  same  product. 
The  totill  yield  of  A-25  was  therefore  10.4  g (96%),  m.p.  200°,  Three  re- 
crystallizations from  2-propanol  yielded  an  analytical  sample,  m.p.  200°; 
tr:  3300  and  1670  em"^  (N-acotyl  carbonyl);  X EtgHj^25l  (c39,300),  356  nm 

(c  14, 300);  nmr  (OMSO-dr,) : f>  2.21  (3H,  s,  COCH3) , 4.01  (3H,  s,  0C%) ; 7.41 

(III.  H,  aromatic  proton),  8.68  (2H,  s,  aromatic  protons),  8.78  (IH,  s,  aromatic 
proton),  9.00  (III,  Nil). 
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AiuJ.  ttalcd  lor  CnUuN3025  60.83;  H,  5,07;  N,  19.35.  Found; 
C,  60.59;  ll,  4.99;  N,  19.18. 


6-Methoxy-7-amlnoqulnoxallne  (A- 26) 

A solution  of  4.3  g (0.02  mole)  of  A-25  in  21  ml  of  5N  HCl  was 
refluxed  with  stirring  for  3 hr.  Cooling  of  the  reaction  mixture  in  an 
ice  water  bath  resulted  in  the  precipitation  of  a dark  brown  solid.  This 
was  collected  by  filtration  and  washed  with  a small  amount  of  ice  water 
followed  by  a small  amount  of  2-propanol  to  give  4.35  g of  solid, 
m.p.  211-213“  dec.  This  solid  was  stirred  with  30  ml  of  saturated  Na2C0j 
to  yield  4.2  g of  crude  A-26  as  a yellow  solid, m.p,  159-161®.  One  recrys- 
tallization from  120  ml  of  benzene  gave  2.2  g (637.  yield)  of  A-26  as  yellow 
crystals,  m.p.  162-164®.  Two  more  recrystallizations  yielded  an  analyti- 
cal sample;  ir  (KBr) : 3400  and  3280  cm'^  (NH2). 

AnajL.  Galcd  for  CgHgN-jO;  C,  61,71;  H,  5.14;  N,  24.00.  Found; 

C,  61.49;  H,  5.09;  N,  24.05. 


6-Methoxy-7-r (5-diethvlamino-2-pentvI)aminolquinoxaline  (A- 28) 

A stirred  mixture  of  6.6  g (0.037  mole)  of  A-26,  9,2  g (0.045  mole) 
of  5-diethylaraino-2,2-diraethoxypentane,  and  150  iog  of  ^-toluenesulfonic 
acid  monohydrate  was  heated  at  165-170®  for  2 hr.  Methanol,  which  formed 
in  the  process,  was  distilled  during  the  reaction.  The  resulting  mixture 
was  cooled  and  diluted  with  200  ml  of  Bt20,  xjashed  with  30  ml  of  57«  Na2C03 
and  30  ml  of  saturated  aqueous  NaCl.  The  Bt20  solution  was  dried  (K2CO3) 
and  evaporated  to  give  the  crude  anil  A-27  as  a light  brown  liquid;  its  Ir 
spectrum  bad  a characteristic  C=N  absorption  at  1660  cra“^. 

The  crude  anil  A-27  was  dissolved  in  100  ml  of  absoluted  EtOH. 

To  the  solution,  at  0®,  was  added  4.5  g of  in  several  portions  and 

the  mixture  wa.s  stirred  overnight  at  room  temperature.  It  was  then  poured 
into  500  ml  of  H2O,  extracted  with  Et20  (5  x 100  ml),  dried  (MgS04),  and 
evaporated  to  give  a liquid.  ‘Hila  was  dissolved  in  10  ml  of  CHCI3  Add 
column  cliroimitographed  over  150  g of  alllca  gel  (Woelm,  Act  I).  The  mix- 
ture was  initially  eluted  with  CHCI3-M0OH  (9:1).  The  eluent  was  monitored 
with  tic  (silica  gel,  CHC^-MeOH,  9:1).  The  first  SOO-rol  portion  <a 
yellow  solution)  contained  both  the  starting  compound  A-27  and  the  product  A-28, 
together  with  a compound  which  was  not  identified.  Hie  second  2000-ml 
portion,  eluted  with  CHClj-MeOH  (3:1),  contained  mainly  the  desired  product 
A-28  and  a lewer-bolllng  component  related  to  the  starting  kotal.  Evapor- 
ation of  the  second  fc»actlon  and  distillation  through  the  Kugehrohr  Dis- 
tilling Appar.atua  at  80-85*/0. 3-0.35  vm«,  gave  the  lowar-bolliog  component, 
(about  0.8  g).  After  raising  the  oven  temperature  to  12p-l25®/0,3-0.3S  mm, 

2.0  g of  the  target  coiapou.ad  A-28  wa«  collocted. 
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l1ie  first  fraction  of  the  column  chromatographic  eluent  was  ■; 
evaporated,  the  residue  (4.0  g)  again  column  chromatographed,  and  its 
second  fraction  redistilled  as  described  above,  giving  an  additional  / 
2,0gofA-28.  The  total  yield  was  therefore  4.6  g (39T);  ir  (neat); 

3420  (NH)  and  1620  cm  ^ (aromatic  H) » tiv:  ^ (e  24,000)  and  388 

(e  11,800);  nmr  (CDCI3) : 6 0.98  (6H,  t,  J = 7 cps,  two  CH^  at  the  ethyl 
terminal),  1.29  (3H,  d,  J = 6 cps,  CH3  at  the  1-methylbutyl  group), 
1,46-1.76  (4H,  m,  protons  at  C-2  and  C-3  of  the  butyl  group),  2.28-2,64 
(6H,  i31>  three  CH2  attached  to  Che  tertiary  N) , 3,40-3.80  (IH,  m,  raethine 
proton  at  C-1  of  the  butyl  group),  3.92  (3H,  £,  (XIH3),  4.70-4.90  (IH,  m, 
NH),  6.85  and  7.13  (2H,  £,  aromatic  protons),  8.35  and  8.45  (2H,  d, 

J = 2 cps,  heteroaromatic  protons). 


Anal.  Calcd  for  CigH28N40:  C,  68.35,  H,  8.86;  N,  17,72,  Found; 

C,  68.27;  H,  8.67;  N,  17.56. 


4-Metho.'<v -2 -nitroacetanllide  (A-30) 

A mixture,  of  252  g (1.5  mole)  of  4-methoxy-?-nitroaniline  (A-29) 
(Aldrich),  168  g (1.65  mole)  of  Ac 2O and  400  ml  of  AcOH  was  heated  at  100° 
on  an  oil  bath  until  all  solids  were  dissolved.  After  cooling  to  room 
temperature,  the  solution  was  poured  into  1,500  ml  of  ice  water.  The  orange 
solid  was  collected  and  washed  with  H2O  and  dried  in  air  to  give  300  g 
(957.  yield)  of  crude  A-30.  'No  recrya tall ixat tons  from  EtOH  and  H2O  gave 
an  ai^alytical  sample,  m.p,  116“  (llt,«'m.p,  116.5-117“). 


Ana  i . Oaled  for  %H^qN20^: 
C,  51.33;  11,  4.68;  N,  13.59. 


C,  51.43;  H,  4.76;  N,  13.33.  Found: 


2 -Ai\iiiiU)-4 -methoxvacetanllidc  (A-31) 

To  a mechanically  stirred  suspension  of  100  g of  iron  dust 
(Fisher,  electrolytic),  15  ml  of  AuOH,  and  600  ml  of  H2O  at  65-75“  was 
added  portionwlso  lOO  g of  A-30  in  I hr,  'Hie  reaction  mixture  was  stirred 
at  65-75“  for  another  hour  and  filtered  while  hot  through  Colitc.  'Ihe 
filtrate,  after  standing  overnight,  depo.sited  18  g of  A-31  as  light  brown 
solids.  11ui  black  solid,  which  was  collected  on  the  funnel  from  the 
aforementioned  hot  filtration,  was  mixed  with  1,000  ml  of  H2®  Heated 
at  70-80“  with  stirring  for  30  rain.  IHo  mixture  was  again  filtered  hot 
av»d  from  the  cooled  filtrate  another  27  g of  A-.31  was  collected.  'iHo 
combined  yield  was  45  g (537.)*  ’IHree  recryataliisatlons  from  H2O  gave  an 
attalylteal  .sample,  m.p.  147“  <lit,ilAu.p.  1A5“). 


Anal . Calcd  for  60.00;  ll.  6.67;  N,  15.55.  Found; 

C,  6U.29;  if,'  6.97;  N,  15.61, 


4“Methoxy - 2- (5-dlethvlamino-2-pentvlamtno) acetanilide  (A-33) 

A mixture  of  1.8  g (0.01  mole)  of  A-31,  2.2g  (0.011  mole)  of  4- 
diethylamLno-2,2~dlmethoxypentane  (A-19)  and  a few  crystals  of  £-toluenesulfonlc 
acid  was  heated  with  stirring  at  160-165“  for  3 hr.  Methanol,  which 
formed  in  the  process  of  the  reaction,  was  distilled  during  the  heating. 

The  reaction  mixture  was  then  diluted  with  100  ml  of  Et20,  washed  with  20  ml 
of  5°4  N32C03,  20  ml  of  saturated  aqueous  NaCl,  and  dried  (K2CO3) . Evapor- 
ation of  the  Et20  solution  yielded  crude  2-acetamido-5“raethoxy-N-(5- 
diethylamino-2-pentylldene)artiline  (A-32) as  a light  brown  liquid,  A double 
absorption  band  around  1660  cm~l  (C=0  and  C=N-)  was  observed  in  the  ir 
spectrum,  lliis  liquid  was  stirred  with  1.5  g of  NaBH4  in  50  ml  of  absolute 
EtOH  overnight  at  room  temperature.  It  was  then  diluted  with  250  ml  of 
H2O,  extracted  with  Et20  (4  x 100  ml)  and  dried  (K2CO3).  Evaporation  of 
Et20  gave  a light  brown  liquid,  which  was  dissolved  in  3 mi  of  CHCI3  and 
column  chromatographed  on  100  g of  silica  gel  (Woelm,  Act  I)  eluting  with 
Me(Bi-CHCl3  (1:3).  The  first  80-ml  portion  contained  ca.  50  mg  of  starting 
contpoundA-31  ;the  second  225-ml  fraction  contained  no  Isolable  products  and 
was  discarded;  the  third  1000-ml  fraction  contained  1.6  g of  liquid,  which 
was  believed  to  be  the  crude  product  A-33  contaminated  with  a small  amount 
of  compound  related  to  the  starting  ketal;  ir:  3370  and  3250  cro"l  (NH) 

and  1650  cm’^  (0“0) ; Its  nrar  (CDCI3)  spectrum  had,  among  other  peaks,  a 
doublet  (.1  ° 6 cps)  at  6 1.13  for  CII3  at  C-1  of  pentyl  aide  chain  and  a 
singlet  at  6 2.04  for  N-avetyl. 


l-(£-chlorophonyl) -1 ,1-dimethoxycthane  (A-38) 

A solution  of  38,5  g (0.25  mole)  of  £-chloroacctophonone 
(Aldrich),  30  g of  trimethyl  orthoformate,  0.3  g of  £-toluencsulfonic 
acid  monohydratc  and  100  ml  of  MoOU  was  refluxed  for  7 hr.  Ihe  reaction 
mixture  was  diluted  with  250  ml  of  S?»  Na2C03  extracted  with  £t20  (3  x 
100  ml)  and  dried  (K2CO3).  Removal  of  solvent  gave  a liquid  which,  after 
distillation,  gave  26.4  g (537.  yield)  of  the  title  compound  as  a color- 
less liquid,  h.p.  53-54** /0. 25  mm;  ir  (neat);  2830  cm'^  (OH),  no  carbonyl 
absorption  around  1700  cm*^  was  observed;  nmr  (CDCI3):  6 1,53  (3H,  s, 
CH3),  3.23  (6H,  ^ two  OCII3),  7.57  (4H,  d,  J ■>  3 cps,  aromatic  protons). 


2 -Methoxy-5-nitro -N-(5-phthallmldo-4-pentyl)anlllne  (A-45) 

A mixLure  of  18.5  r (0.11  mole)  of  2 -methoxy-5-nitroaniline  (A-40) 
and  34  g (0,11  mole)  of  l-phthalimido-4-bromopentane  (A-44)in  80  ml  of 
Eton  and  18  ml  of  diisopropylamine  was  heated  in  an  autoclave  at  130° 
for  15  hr.  After  cooling,  the  mixture  was  poured  into  H2O  and  made  basic 
with  NaOn  soliiiion.  Ihe  precipitated  solid  was  filtered,  washed  with  a 
little  MeOll  and  recrys tallized  three  times  from  the  same  solvent.  There 
was  obtained  4.2  g (lOZ  yield)  of  A-45  as  yellow  crystals,  m.p,  115-117°. 

Anal.  Calcd  for  C2qH2]^N305;  C,  62,65;  H,  5.52;  N,  10.96. 

Fouitd:  C,  62.55;  H,  5.49;  N,  10.95. 


3-Acetaraido-N-[ (£-chloro-l-methyl)benzylidene]-4-methoxyaniline  (A-50a) 


2-Methoxy-5-nitroaniline(A-40) ,7*6  g (0.045  mole),  was  added  to 
50  ml  of  Ac20  with  stirring.  Yellow  crystals  of  the  acetamido  compound A-48a 
rapidly  preicipitated.  The  mixture  was  diluted  with  H2O  and  the  solid 

product  filtered  after  hydrolysis  of  excess  AC2O  had  been’completed. 

The  crude  product  was  then  dissolved  In  200  ml  of  EtOH  and  hydrogenated 
at  50  psig  in  the  presence  of  Pd/C,  The  reduction  was  completed  In  15  min. 
After  romtwal  of  the  catalyst,  the  solution  was  evaporated  to  a sirupy 
residue  A-49a  under  reduced  pressure*  It  was  treated  with  12  g (0*06  mole) 
of  £-chloroncteophenonc  dimethyl  kctal  and  the  mixture  was  heated  at 
155-165°  for  20  min.  in  the  presence  of  0.1  g of  ]>-toluene3uI£onic  acid. 

The  solidified  product  A-50a  was  triturated  with  dilute  NaOH  solution  and 
filtered.  It  was  recrys tallized  from  MeOU  and  the  analytically  pure 
.sample  was  Isolated  as  yellow  crystals,  m.p.  188-189*’,  (5.6  g,  44%  overall 
yield);  Ir:  6.0,  6.1  u. 

Anal.  Calcd  for  C^7lljyClN202:  C,  64.45;  H,  5.41;  N,  8.85. 

Pound:  C,  64.59;  H,  5.28;  N,  9.00." 


3-chloro-l»methvl)ben2ylldene1-4-methoxy-3-(trlfluoroacetainido) aniline  (A-50b) 


To  a solution  of  3.4  g (0.02  mole)  of  2-methoxy-5-nitroaniline 
(A-40)  in  30  ml  of  pyridine  was  added  portlonwise,  with  cooling,  3 ml  of 
(CF3CO)20.  After  being  allowed  to  stand  at  room  temperature  for  15  rain, 
the  mixture  was  diluted  with  100  ml  of  H2O  and  the  yellow  solid  product 
A-48b  collected  by  filtration.  It  was  hydrogenated  over  Pd/C  in  100  ml  of 
EtOH  to  50  psig  for  15  min.  The  catalyst  was  removed  and  the  solution 
evaporated  to  dryness  under  reduced  pressure.  The  residue  A-49b  was  heated 
with  4 g (0.02  mole)  of  £-toluenesulfonic  acid  at  155®  for  10  rain.  The 
solidified  product  was  triturated  with  dilute  NaOH  and  filtered.  It  was 
recrystallized  from  MeOH  as  pale  yellow  needles,  m.p,  150-152®  (3.7  g, 

50Z  yield);  ir;  5.8,  6.1  U. 


Anal.  Calcd  for  Ci7Hi4ClF3N202 : C,  55.07;  H,  3.81;  N,  7.56. 
Found:  C,  54.78;  H,  3.75;  N,  7.37. 


4 -Me  thoxv -2 -n i t ro - 1 - tr 1 f luoroace  tani 1 ide  (A- 5 2) 

To  a stirred  suspension  of  33.6  g (0.2  mole)  of  4-methoxy-2- 
nitroanilinoA-51, (Aldrich),  56  g of  anl\ydrous,  NajCOj,  and  1,000  ml  of 
anhydrous  Et20  at  10®  was  added  dropwise  56  ml  of  (CF3CO)20  in  150  ml  of 
Et20  in  I hr,  llte  mixture  was  stirred  at  room  temperature  for  another 
2 hr.  Iho  solid  was  removed  by  filtration  and  the  filtrate  was  washed 
with  II2O  (5  X 200  ml).  After  drying  (MgSO^)  and  evaporation  of  Et20, 
compound  A-52,  (44  g,  85%  yield)  was  obtained  as  yellow  needles.  Tliree 
recrystaUlzatlons  from  EtOH  gave  an  analytical  sample, ‘m.p,  89-95®; 
iv  (Kllv):  3320  cm’^  (Nil),  1720  (CO);  uv:  X 236  (e  21,400) 

and  340  nra  i*'  3,400). 

Anal.  CaJod  for  C9H7P3N2O4:  0,  40.91;  H,  2.65;  N,  10.61; 
Found:  C,  40.80;  It,  2.58;  N,  10.33. 


2 -Amino -4 -mcthoxv - 1 - tr if luoroace tanll ide  (A-S3) 

A solution  of  14,2  g (0.054  mole)  of  A-52  in  200  ml  of  benzene 
was  hydrogenated  in  the  presence  of  0.6  g of  5%  Pd/C  under  40  psig  of 
II2  for  2 hr.  Catalyst  was  removed  by  filtration  through  Gelitc  and  the 
filtrate  was  evaporated  to  give  a-53  as  a pale  yellow  solid  (12.2  g,  94% 
yield),  m.p.  90-95®.  tlireo  recrystallizations  from  benzene  gave  an 
analytical  sample,  m.p.  109-112®,  Ir  (KDr):  3980  , 3390,  3240  ctoT^  (Nil), 
1710  cm"^  (C-0). 

Anal.  Calcd  for  CgH9F3N202:  C,  46.15;  11,  3.85;  N,  11.96. 
Foutid:  U,  46.30;  It,  3.81;  N,  11.88. 


N- (4-Anisyl)-£-toluenesulfonaraide 

To  a stirred  solution  of  12.3  r (0.1  mole)  of  j>-anlsldlne  In 
25  ml  of  dry  pyridine  was  added  portionwlse  during  a 10-raln  Interval 
19.0  g (0.1  uiolo)  of  rocrystalllzed  tosyl  chloride.  Tlie  resulting  mixture 
was  heated  cit  100  for  3 hr.  It  was  cooled  and  poured  Into  400  ml  of 
cold  water.  After  standing  1 hr,  the  precipitated  solid  was  collected  by 
filtration  and  dried  to  give  22  g (807.  yield)  of  crude  product,  m.p.  109-110* 
(lit.,—  m.p.  IIA”).  The  product  was  used  for  the  preparation  of  the 
nltro  compound  A-69  (see  Method  B under A-69)  without  further  purification. 

N-(4-methoxv-2-nitrophenyl) -p-toluenesulfonamlde  (A-69) 

Method  A.  To  a stirred  solution  of  16.8  g (0.1  mole)  of  2-nitro- 
£-anisidine  (A-51)  in  50  ml  of  dry  pyridine  was  added  portionwlse  19.0  g 
(0.1  mole)  to  tosyl  chloride  (recrystalliaed  from  CHCl^-petroleum  ether) 
during  10  min.  The  mixture  was  heated  at  110®  for  3 hr,  cooled,  and  poured, 
with  stirring,  into  400  ml  of  cold  water.  After  1 hr  of  stirring,  the 
re.sulting  .solid  was  collected  by  filtration  and  recrystallized  from  200  ml 
of  metlianol  to  give  25  g (787.  yield)  of  A-69  as  an  orange  solid,  m.p.  98-99” 
(Ut.,i^Au.p.  l02-t03",  Ut.,ilA«.p.  104"). 

Anal.  Calcd.  for  C14H14N2O5S:  C,  52.16;  H,  4.38;  N,  8,69.  Found: 

C,  51.90;  H,  4.43;  N,  8.48. 


Method  B.  To  a stirred  mixture  of  concentrated  nitric  acid  and 
14  ml  of  acetic  acid  at  5®  was  added  a solution  of  27.7  g (0.1  mole)  of 
N-(4-anisyl)-£-toluonesulfonamlde  in  60  ml  of  acetic  acid.  The  mixture  was 
stirred  at  5®  for  2 hr,  after  which  the  solid  was  collected  by  filtration, 
washed  with  water,  and  dried  to  give  21  g (657,  yield)  of  A-69,  m.p,  99-100®, 
Its  Iv  was  id(n\tical  with  that  of  the  product  obtained  by  Method  A. 


4-Hromo-3-nttroaniHole  (A-73) 

A mixture  of  33.6  g (0.2  mole)  of!  2“nitro-j[)-antstdlne  (A-51)  in  a 
solution  of  60  ml  of  concentrated  H2SO4  and  200  ml  of  water  was  stirred  at 
5".  To  this  was  added  a solution  of  14  g (0.2  mole)  of  NaN02  in  40  ml  of 
water.  After  2 hr  the  mixture  was  clarified  by  filtration  and  the  filtrate 
added  to  a boiling  mixture  of  200  ml  of  voter,  13  g of  CUSO4,  31  g of  NaBr, 
and  4 g of  electrolytic  copper  powder.  Ttie  resulting  mixture  was  boiled 
with  stirring  for  30  min,  cooled,  and  extiracted  with  ether  (3  x 100  ml). 

Tlio  ether  extract  was  washed  with  water,  dried,  and  evaporated.  The  remain- 
ing dark  residue  was  distilled  at  12Q-123*/1.S  mm  to  give  23  g (50%  yield) 
of  an  oraf^go  liquid,  which  solidified  on  ittanding,  m.p.  32®  (lit.  ,liV  u.p>  32®). 
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N-(3.4-Dtmethoxvphenvl-p-toluene8ulfonamlde  (A-74) 

The  product  was  prepared  from  0.1  mole  of  4~amlnoveratrole  by 
essentially  the  same  procedure  as  that  used  for  the  preparation  of  N- 
(4-anlsyl)£-toluenesulfonamlde;  the  yield  of  A-74  was  847»,  m.p.  135-136' 
(recrystalllzed  from  MeOH)  (lit,,— ^ m.p.  139®). 


C 58  85  S.  4-56.  Pound, 

t,  3B.B5,  H,  5.60;  N,  4.68. 


N-r4,5-Dimethoxy-2-nltro)phenyl'|-p-toluene8ulfonamide  (A-75) 

To  a stirred  mixture  of  23  g (0.075  mole)  of  A-74  in  50  ml  of 
AcOH  at  15°  was  added  a solution  of  8.6  g of  concentrated  HNO3  and  11  ml 
of  AcOH.  After  stirring  overnight  at  room  temperature,  the  solid  product, 
which  separated  during  the  reaction,  was  collected  by  filtration.  It  was 
washed  with  water,  dried,  and  recrystalllzed  from  toluene  to  give  12  g 
(467.  yield)  of  analytically  pure  A-75,  m.p.  197-199®  (lit.,^ii7  m.p.  203-204®). 

Anal.  Calcd  for  Ci5Hx5N20gS:  C,  51.13;  H,  4.58;  N,  7.95.  Found: 

C,  51.29;  H,  4.76;  N,  8.00. 


4-Bromovoratrole  (A- 80) 

A mixture  of  69  g (0.5  mole)  of  veratrole,  80  ml  of  CCI4,  and  8^  g 
(0.5  mole)  of  N-bromosuccinimlde  was  refluxed  for  6 hr.  It  was  cooled  and 
filtered  through  n .sintered  glass  funnel.  The  filtrate  was  evaporoted 
under  reduced  pressure  end  the  residue  distilled  at  l02-109®/2  nm  to  give 
93  g (864  yield)  of  A-80  (llt.,^/  b.p.  ll7-120"/5  nm). 


4-Hromo-5-nltroveratrole  (A-81) 

To  70  ml  of  concentrated  HNO3  at  10®  was  added,  with  stirring, 
21.7  g (0.1  mole)  of  A-80  in  .30  ml  of  AcOH  during  20  mtn.  The  temperature 
of  the  reaction  mixture  rose  to  40®.  It  was  stirred  for  an  additional 
30  min  and  poured  into  100  ml  of  Ice  water.  The  resulting  mixture  was 
stirred  for  40  min  and  the  separated  solid  product  was  collected  bv  filtra- 
tion. Tt\ls  was  Wvished  well  with  water  and  dried  to  give  20  g of  A-81, 
m.p.  119-121”.  Recrystallisatlon  from  ethanol  gave  17  g (65%  yield)  of 
pure  A-81,  m.p.  120-121®  (lit., ^tlVm.p.  123®). 
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4.5-Dinttroveratrole  (A-82) 


To  a stirred  mixture  of  138  g (1.0  mole)  of  veratrole  in  200  ml 
of  AcOH  at  15°  was  added  68  ml  (96  g)  of  concentrated  HNO3  during  30  min. 

The  temperature  during  addition  was  kept  below  40°.  After  stirring  for 
15  min,  300  ml  of  fuming  HNO3  was  added  during  30  min  and  the  temperature 
was  kept  below  30°.  The  resulting  mixture  was  stirred  for  2 hr  and  poured 
into  2,000  ml  of  ice  water.  The  separated  solid  was  collected  by  filtration, 
washed  well  with  water,  and  dried  to  give  210  g of  A-82,  m.p.  120-122°. 
Recrystallization  from  a 3:2  mixture  of  ethanol  and  2-butanone  gave  180  g 
(807»  yield)  of  pure  A-82,  m.p.  125-126°  (lit.,^^  m.p,  130-132  ). 


4.5-Dlaminoveratrole  Dihydrochloride  (A-83) 

A mixture  of  18  g (0.08  mole)  of  A-82,  200  ml  of  absolute  ethanol, 
and  0.5  g of  57,  Pd/C  was  hydrogenated  on  a Parr  Hydrogenator  at  65  psig. 
After  5 hr  the  required  amount  of  H2  was  absorbed.  The  reaction  mixture 
was  heated  to  almost  boiling  and  filtered.  To  the  filtrate  was  added  a 
calculated  amount  of  ethanolic  HCl  followed  by  addition  of  100  ml  of  ether. 
The  hydrochloride  salt  was  collected  by  filtration  and  washed  with  ether 
to  give  14  g (74%  yield)  of  A-83,  m.p.  264-265°  dec. 


5.6- Dtmothoxyhenz Imidazole  (A-84) 

A stirred  mlxltire  of  12  g (0,05  mole)  of  A-83  and  70  ml  of  98% 
wa.s  rel  luxed  for  2 hr.  It  wn.s  cooled  at  0"  and  neutralized  with 
concentrated  NH4UH.  The  resulting  solid  was  collected  by  filtration,  washed 
with  ethanol,  and  dried  to  give  5 g of  an  orange  solid,  m.p.  180-182°. 
Uecrystalllzatlon  once  from  2-propanol  and  twice  from  acetone  gave  2.6  g 
(29%  yield)  of  pure  A-84  as  a white  solid,  m.p,  184-185°  (lit.,M./  m.p,  179- 
183°). 


Anal.  Calcd  for  CgHjQN202S  C,  60,66;  II,  3.66;  N,  15.72,  Found: 
C,  60.22;  H,  5.52;  N,  15.29. 

Attempted  preparation  of  A-84  by  refluxing  9.6  g of  A-83,  50  ml 
of  tricthyl  orthoformato,  and  50  ml  of  Ac20  gave  6 g of  a tan  solid, 
m.p,  178-180°.  Its  tr  showed  strong  carbonyl  absorption  at  5,8  \x  but  no 
NH  absoprtion. 


4-f (5-dtethylamino- 2-pentyl) amtno1-5-nitroveratrole  (A-77) 


A mixture  of  11.4  g (0.05  mole)  of  4,5-dinitroveratrole  (A-82)  [I 

and  8.7  g (0.055  mole)  of  novoaldiamine(A-l9)  was  stirred  and  heated  i| 

slowly  to  85°  under  nitrogen,  at  which  temperature  the  reactants  became  || 

one  phase.  After  the  mixture  was  maintained  at  85°  for  1 hr,  it  I 

* l.S 

was  heated  at  110-115°  for  6 hr  and  cooled.  The  thick,  black  syrup  was  | 

diluted  with  75  ml  of  EtOAc,  charcoaled,  and  filtered.  The  filtrate  was  | 

evaporated  to  a syrup  and  diluted  with  15  ml  of  benzene.  This  was  chromato- 
graphed through  a silica  gel  (MCB)  column.  Elution  with  petroleum  ether  f 

recovered  2 g of  starting  material  A-82.  Continued  elution  with  benzene  | 

and  benzene-EtOAc  mixture  gave  10  g (62%  yield)  of  A-77  as  a dark  orange  oil.  | 

IR;  3.0  p (NH),  6.1  u,  6.3  p,  and  6.6  p.  UV:  X ^ 240  nm  (e  18,400)  | 

and  324  nm  (e  8,100).  NMR  (CDCI3) : 6 1.0  (t,  J = “Sz,  CH2CH3) , 1.32  ? 

(d,  J = 7Hz,  CH-CH3),  1.48-1.87  (m,  CH2),  2.52  (£,  j » 6 Hz,  CH2-CH3),  ‘ 

3.85  (s,  OCH3),  3755  (£,  OCH3),  6.23  (£,  aromatic  H),  7.62  (^,  aromatic  H),  \ 

8.46  (broad,  NH).  I 

N-(4-BrQmopentyl)phthalimide  (A-87)  | 

A mixture  of  25,3  g (O.ll  mole)  of  1,4-dibromopentane,  18.5  g f 

(0.1  mole)  of  potassium  phthalimide,  and  75  ml  of  acetone  was  stirred  and  I 

refluxed  for  20  hr.  It  was  filtered  and  the  filtrate  evaporated  and  I 

distilled.  There  was  obtained  18  g (60%  yield)  of  A-67,  b.p.  154-156°/ 0.05  i 

(Ut.,l^^b.p.  l65-167°/0.25mnj). 


N-Chluroacety  1-0,1.- leucine  (B-2) 

A suspension  of  50  g (0.38  mole)  of  0,L-leuclne  (B-1,  Aldrich), 

85  g (0.7b  mole)  of  chloroacetyl  chloride  and  500  ml  of  EtOAc  was  refluxed 
with  stirring  for  40  min  until  all  solids  dissolved.  The  reaction  mixture 
was  poured  into  an  evaporating  dish  and  evaporated  under  a stream  of  air  to 
yield  79  g of  a light  yellow  solid,  m.p,  90-115°.  Two  recryatallizations 
from  EtOAc  gave  52.5  g (677.  yield)  of  analytically  pure  B-2,  m.p.  134-136° 
(lit.,-21/m.p.  142°);  ir  (KBr):  3350  cra’l  (NH),  3600-2300  cm’^  (carboxylic 
OH),  and  1710  and  1620  cm*^  (two  C«0). 

Anal.  Calcd.  for  C8H14CINO3:  C,  46.27;  H,  6,80;  N,  6.75.  Found; 
C,  46.47;  H,  6.99;  N,  6.79. 
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N-Acetyldehydroleucine 


A mixture  of  10  g (0.065  mole)  of  the  oxazolone  B-3  and  24  ml  of 
H2O  was  kept  at  0*  overnight.  The  precipitated  solid  was  collected  by  fil- 
tration and  dried  in  air  to  give  8.0  g (72%  yield)  of  crude  B-4,  m.p.  145- 
152®.  Recrystallization  from  EtOAc  gave  6.4  g (58%  yield)  of  analytically 
pure  B-4  as  white  crystals,  m.p.  152-153°  (lit.,1/  m.p.  155-157°);  ir  (KBr) : 
3280  cm'l  (NH),  3500-2300  cm’^  (carboxylic  OH),  1700  cm'^  (CO),  and  1660  cm'l 
(CO);  nmr  (DMSO-d^):  6 0.97  (d,  J •-  6 cps,  6H,  gem-dimethyl),  1.94  (^,  3H, 
methyl  group  of  CH3CONH),  2.28-2.80  (ra,  methine  proton),  4,88  (_s,  water  peak), 
6.28  (d,  J = 10  cps,  111,  vinyl  proton),  8,86  (^,  IH,  NH). 

Ann  1 . Cnlcd.  for  (^8^3^13:  C,  56.13;  H,  7,65;  N,  8.18,  Found; 

0.  55.84;  ll.  7.79;  N,  8.21, 


4-l3obutvlideue-2-methvloxazol-5-one  (B-3) 


A stirred  mixture  of  40  g (0.19  mole)  of  B-2  and  60  ml  of  AC2O 
was  heated  at  60°  for  90  min.  Excess  AC2O  was  removed  under  reduced  pressure 
and  the  residual  liquid  was  distilled  jji  vacuo . The  fraction  collected  at 
55-56 °/0. 45  mm  (lit. ,21/b. p.  68-69°/0.15  mm),  15  g (52%  yield),  was  the 
expected  product;  ir  (neat):  1800,  1690,  and  1640  cm”l;  nmr  (CDCI3) : 6 1.11 
(d,  J = 6 cps,  6H,  gem- dimethyl),  2.06  (s,  3H,  methyl  gp  on  C-2),  2.92-3.34 
(m.  111,  methine  proton),  6.31  (d,  J ■=■  10  cps,  IH,  vinyl  proton.  The  product 
was  unstable  on  standing. 


N-(i)-Chlorobenzoyl)-D,l,-threonine  (B-6) 

Ihe  method  of  preparation  of  hippuric  ncid-^^was  followed  for  the 
present  preparation.  To  a stirred  solution  of  25  g (0.195  mole)  of  p,L- 
threonine  (B-3)  hemihydrate  in  125  ml  of  H2O  was  added  simultaneously, 
through  two  dropping  funnels,  27.4  ml  of  j|>-chlorobenzoyl  chloride  and  16.5  g 
(0.4  mole)  of  NaOll  in  80  ml  of  U2O  in  a period  of  1 hr.  Tlie  addition  was 
kept  at  such  a rate  that  the  reaction  mixture  remained  slightly  basic  and 
the  temperature  wa.s  below  27°  throughout  the  reaction.  Ttie  resulting  mix- 
ture was  stirred  at  room  temperature  for  another  hour,  then  acidified  with 
25  ml  of  concentrated  llCl.  The  precipitated  solid  was  collected  by  filtra- 
tion, washed  with  H2O  and  dried  in  air  to  give  48  g of  crude  B-6,  m.p.  170- 
180°  dec.  Rucrystnllization  from  120  ml  of  40%  BtOlt  gave  43  g (86%  yield) 
of  pure  B-6  as  white  crystals,  m.p,  170-171“  dec.  Hie  structural  assign- 
ment was  based  on  its  iv  spectrum,  which  had  u characteristic  carbonyl  absorp- 
tion for  carboxylic  acid  at  1710  cm'^  and  carbonyl  absorption  Cor  amide  at 
1640  cm“^  anu  1530  cm’*^. 

Ana  1 . Calcd.  Cor  11,  4.69;  M,  5.44.  Found: 

C,  51.03;  U,  4.63;  N,  5.24. 


46 


2-(£-Chlorophenyl)-4-ethylideneoxa2ol-5-one  (B-7) 

The  method  of  Carter  et  al.— ^for  the  preparation  of  unsaturated 
azlactone  was  followed.  To  a solution  of  25.7  g (0.1  mole)  of  B-16  In  200  ml 
of  anhydrous  pyridine  at  0°  was  added  dropwlse  26  g (0.2  mole)  of  benzoyl 
chloride  In  30  min.  The  reaction  mixture  was  stirred  at  0°  for  an  additional 
40  min,  then  poured  Into  a mixture  of  200  ml  of  concentrated  HCl  and  800  g | 

of  ice  water.  The  resulting  precipitate  was  collected  by  filtration,  washed 
with  ice  water,  and  dried  in  air  to  give  33.5  g of  crude  B-7  as  a white  solid, 
m.p.  110-137'.  Recrystallization  from  110  ml  of  MeOH  gave  18.5  g (847,  yield) 
of  pure  B-7  a.s  white  needles,  m.p.  154-156',  ir  (KBr) : 1790,  1670,  and  1590  cm'^;  I 
nmr  (CDCI3):  6 1.20  and  1.30  (two  doublets  with  a ratio  of  4.5:1,  J » 8 cps, 

3H,  methyl  group),  6.68  (q,  J = 8 cps,  IH  vinyl  proton,  a small  peak  was  also 
noticed  at  6.88),  7.40  and  7.96  (an  AB  pattern  of  two  distorted  doublets, 

J s 10  cps,  4U,  aromatic  protons). 

Anal.  Calcd.  for  C11H8CINO2:  C,  59.60,  H,  3.64,  N.  6.32.  Found:  | 

C,  59.40,  H,  3.81;  N,  6.12.  I 


2-(2-Chlorobenzamldo)crotonlc  Acid  (B-8)  i 

A stirred  mixture  of  12.4  g (0.05  mole)  of  B-7  and  100  ml  of  f 

IN  NaOH  was  heated  at  60-70*  until  all  solid  dissolved  (ca.  40  rain),  The  * 

resulting  solution  was  cooled  in  an  ice-water  bath  and  acidified  in  5N  HCl. 

The  precipitate  was  collected  by  filtration,  washed  with  cold  water  and  dried 
in  air  to  give  12.5  g of  crude  B-8,  m.p.  200-205*  dec.  Recrystallizatlon  from 
400  ml  of  lUOAc  gave  5.5  g (46%  yield)  of  B-8  as  white  cryatnla,  m.p.  213-  | 

215*  dec.;  Ir  (KBr):  3250  cn'^  (NH),  3600-2400  cm“l  (carboxylic  OH),  1690  cm*^  1 

(CO),  and  1650  CO- I (CO).  j 

Anaj..  Calcd.  for  Cj^K^oClNOj;  C,  55.13;  H,  4.21;  H,  5.05.  Found:  I 

C,  55.09;  H,  4.17;  N,  5.87.  I 


2-TetrahvdrotUlophenemethttnol  (G-2) 

To  a stirred,  refluxing  solution  of  77  ml  (0.26  mole)  of  70% 

In  benzene  and  75  ml  of  ether  was  added  a solution  of  27  g (0.17 
mole)  uf  ethyl  totrahydrothlophenecarboxylatc  (C-la)  in  175  ml  of  ether 
during  30  min.  the  mixture  was  stirred  for  2 hr  and  excess  reducing  agent 
carefully  decomposed  with  a solution  of  13  ml  of  concentrated  sulfuric  f 

acid  In  50  ml  of  water.  The  resulting  reaction  mixture  was  diluted  with  I 

250  mi  of  metlianol  and  refluxed  for  10  min.  The  inaoluble  aalta  were  ! 
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removed  by  filtration  and  the  filtrate  was  concentrated  to  a small  volume. 
To  this  was  added  100  ml  of  ether.  The  mixture  was  again  filtered  and  the 
filtrate  dried  and  evaporated  to  an  oil.  This  was  subjected  to  fractional 
distillation  and  the  initial  fraction  (8  g)  was  collected  at  71-85'’/155  mm. 
A glc-mass  spec  determination  revealed  that  the  liquid  was  a mixture  of 
three  components,  none  having  a molecular  ion  higher  than  102  (the  mole- 
cular weight  of  C-2  is  118).  The  next  fraction,  collected  at  120-122“/ 

30  mm  was  found  to  be  the  desired  methanol  C-2.  This  preparation  will 
be  repeated  for  the  synthesis  of  compound  C-5. 


Methyl  3-methyl- 2- furoate^'^  (C-9) 

25/ 

Tills  compound  was  prepared  according  to  the  literature  method — 
with  the  following  modification:  Sodium  hydride  and  a catalytic  amount  of 

ethanol  was  used  as  a base  instead  of  sodium  methoxide  for  the  Daraen's 
glycidic  ester  condensation.  Thus,  one-third  of  a solution  of  4,4-dimethoxy 

2- butanone  (132  g,  I mole)  and  methyl  chloroacetace  (174  g,  1.6  mole)  was 
added  to  a stirred  mixture  of  77  g of  sodium  hydride  (50%  in  mineral  oil) 

in  800  ml  of  anhydrous  ether  at  -5".  To  this  stirred  mixture  was  then  added 
1.5  ml  of  absolute  ethanol  and  the  temperature  of  the  reaction  mixture  was 
allowed  to  rise  to  10®  to  effect  the  reaction.  The  course  of  the  reaction 
was  followed  by  measurement  of  hydrogen  evolved.  The  reaction  temperature 
was  maintained  below  10®  so  that  the  reaction  could  be  kept  under  control. 
Wlien  the  evolution  of  hydrogen  slowed,  the  remaining  two-thirds  of  the 
solution  of  4,4-dlmethoxy-2-butanone  and  methyl  chloroacotate  was  added 
dropwlse  into  the  mixture  during  3 hr.  The  resulting  mixture  was  stirred 
at  room  t%mtporature  for  6 hr  mid  allowed  to  stand  overnight,  It  was  acidi- 
fied with  20 acetic  acid  and  the  organic  layer  was  separated,  The  aque- 
ous layer  was  extracted  with  ether  (3  x 200  ml).  The  combined  other  ex- 
tracts and  the  organic  layer  were  dried  over  magnesium  sulfate;  evaporation 
of  ether  gave  a dark  brown  liquid.  This  was  distilled  at  an  oil-bath  tem- 
perature of  140“  and  two  fractions  of  colorless  liquid  wore  collected. 

The  !'ir.st  8«g  fraction,  collected  at  65-95*/3-4.5  mm,  consisted  of  methyl 

3- methyl f unci te  (C-0)  and  unrearranged  glycldie  ester  C-8  in  a 1 1 ratio, 

as  shown  in  the  nmr  spectrum;  the  second  73*11  fraction,  collected  at  103*/ 
4.5-8  tmn,  contained  hit  of  the  desired  ester  C-9.  Hedistillation  of  the 
first  fraction  with  5 drops  of  acetic  acid  gave  4.2  g of  pure  methyl 
3-methyl£uroato  (C-9),  b.p.  90*/4.S  mm  (Lit,-^  b.p.  72-78*/8  mm);  lutir 
(CI)Cl3);  6 2.35  (s,  3H,  CH3),  3.90  (s,  3H,  OCHs) , 6.42  (0,  J«2  eps,  IH, 

aromatic  proton  at  C-4) , 7.55  (d,  ,J»2  cps,  III,  aron'oitic  proton  at  C-5)  5 tr 
(neat):  1710  em“^  (C*0).  Since  redistlUation  of  the  first  fraction  did 

not  increase  the  yield  of  pure  C-9,  the  second  fraction  was  not  redistilled 
and  was  used  directly  for  the  preparation  of  3-mcthyl-2"fotoic  acid  (C-IO), 
The  overall  yield  of  C-9  through  the  condensation  and  rearrangement  reac- 
tion was  537,. 
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3-Methvl-2-i:vtr'olc  Acid  (C-10) 


The  s-ecqnd  fraction  of  the  aforementioned  distiflate,  which  was 
estimated  to  contain  50  g (0.35  mole):  of  the  ester  C-9,  was  refluxed  and 
stirred  witli  170  ml  of  201  sodium  hydroxide  for  3 hr.  After  being  cooled 
-to  room  temperature,  the  reaction  mixture  was  extracted  with  ether  (2  x 
100  ml)  and  the  remaining  aqueous  solution  acidified  with  concentrated 
hydrochloric  acid  to  yield  a solid.  Thia  was  collected  by  filtration, 
washed  with  water  and  dried  at  75“  in  a vacuum  oven  overnight.  There 
was  obtained  40  g (90%)  of  C-10,  m.p,  127-128“  (Lit, 134-135“). 

An  analytically  pure  sample  was  prepared  by  sublimation  at  60“/0.1  mm, 
m.p.  127-128“. 


H,  4.84. 


Anal.-;  Calcd.  for  C^H^O^t  C,  57.14;  H,  4.76.  Found:  G,  56.85; 


3-Methylfuran  (C-11) 


A mixture  of  76  g (0.6  mole)  of  C-IO,  13,5  g of  copper  dust 
(electrolytic),  and  150  ml  of  quinoline  (distilled  over  BaO)  was  stirred 
and  heated  to  240“.  The  product,  3-methylfuran  (C-11),  was  allowed  to 
distill  through  a 30-cra  Vlgreux  column.  After  3 hr  of  heating,  43  g of 
C-11  was  collected.  Redistil lation  of  the  product  afforded  42,5  g (87% 
yield)  of  pure  C-11,  b.p.  66.5-68.5“  (Lit,.^/b.p.  65.5-66“),  nmr  (neat) 

6 1.9  (£,  3H,  CH3) , 6.2  (£,  IH,  aromatic  proton  at  C-6),  7.2  and  7.3  (two 


s,  2H,  aromatic  protons  at  C-2  and  G-5). 


3-Methylfuran-2-carboxaldehyde  (C-12) 


1 27/ 


A literature  method — 'was  followed  for  the  preparation  of  this 
compound.  Thus,  42  g (0.51  mole)  of  C-11  was  added  dropwise  to  a stirred 
solution  of  107  g of  phosphorus  oxychloride  and  51  ml  of  dry  dimethyl- 
formamide  at  0“  during  70  min.  The  resulting  mixture  was  stirred  between 
2-10“  for  an  additional  50  rain  and  allowed  to  rise  to  room  temperature. 

It  was  then  stirred  at  room  temperature  for  another  40  min  followed  by 
heating  on  a water  bath  (38-40“)  for  20  min.  The  reaction  mixture  was  poured, 
with  stirring,  onto  600  g of  crushed  ice  and  the  resulting  mixture  neu- 
tralized with  185  g of  sodium  carbonate.  The  mixture  was  extracted  with 
ether  (I  x 400  ml  + 3 x 200  ml)  and  the  ether  extracts  were  combined  and 
dried  (MgSU4) . Evaporation  of  ether  and  distillation  of  the  residue  eavo 
44.7  g (807o  yield  of  a colorless  liquid,  b.p.  77. 5-80. S”/?  imn  (lit,!-.' 
b.p.  58-60"/ll  mm),  which  contained  the  desired  3‘;nothylfuran-2-carboxa Idehydo 
(G-12)  the  isomeric  4-methylfuron-2-carboxaldehyde,  and  an  impurity  in  a 
ratio  of  30;4;1,  as  described  in  the  literature,.^/  Its  ir  spectrum  showed 
an  aldehydic  C=H  stretching  band  at  2780  cm"^  and  a carbonyl  band  at 
1680  cm"^.  No  further  work  was  done  to  determine  its  composition  or  to  iso- 
late the  desired  aldehyde  C-12.  The  liquid  was  used  directly  for  the  next 
reaction. 
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5 - ( 3-Nethy  L-  2-  l.'uryl)hydantotn  (C-13) 


A solution  of  26  g (0.24  mole)  of  the  aforementioned  distillate, 

76  g (0,95  mole)  of  ammonium  carbonate  and  400  ml  of  607»  aqueous  ethanol 
was  heated,  with  stirring,  on  a water  bath  at  50“  for  10  min.  To  the 
solution  was  added  a solution  of  16.2  g (0.25  mole)  of  potassium  cyanide 
in  35  ml  of  water  and  the  resulting  mixture  stirred  at  50-55“  for  12  hr.  ' 
Most  of  the  ethanol  was  then  evaporated  and  the  remaining  aqueous  solu- 
tion was  cooled  to  room  temperature.  This  was  extracted  with  ether 
(3  X 100  ml) . The  aqueous  layer  was  cooled  in  an  ice-water  bath  and  acidi- 
fied with  5N  hydrochloric  acid  to  yield  25.5  g of  a brown  solid,  ra.p,  118- 
123“,  The  latter  was  dissolved  in  40  ml  of  boiling  40%  aqueous  ethanol,  . 
decolorized  with  0.5  g of  activated  charcoal,  filtered  and  cooled  at  0“ 
for  2 hr.  There  was  obtained  20  g of  yellow-brown  crystals,  m.p.  130-134“. 
The  solid  was  dissolved  in  60  ml  of  acetone  and  column  chromatographed 
over  100  g of  silica  gel,  eluting  with  chloroform-acetone  (3; 1).  The  first 
900-ml  fraction  was  found  to  contain  19.5  g (467,  yield)  of  the  hydantoin 
C-13,  m.p.  140-142“.  Two  recrystallizations  from  507,  aqueous  ethanol  yielded 
an  analytical  sample,  m.p.  143-144“;  ir  (KBr) ; 3400,  3300-2900  cm"^ 

(broad),  1770-1670  cm'^ 

Ana  I . Calcd.  for  C JUN  0 ; C,  53.33;  N,  4.44;  N,  15.55.  Found; 

C,  53.62;  U.  4.36;  N,  15.53.® 

2-Amino-2-(3-methvl-2-furvl)acettc  Acid  (C-14) 

In  a 300-ml  steel  vessel  was  placed  42  g (0,15  mole)  of  Da(OH)2* 
81120,  220  ml  of  water  and  17  g (0,095  mole)  of  C-13.  The  container  was 
sealed  and  heated  to  150“  in  6 hr  and  maintained  at  that  temperature  for 
2 hr.  After  cooling,  the  reaction  mixture  was  transferred  to  a beaker  by 
rinsing  with  180  ml  of  water.  The  resulting  mixture  was  heated  at  60“  for 
90  min  to  remove  excess  anmvonia.  The  mixture  was  filtered,  the  filtrate 
acidified  with  5M  sulfuric  acid  to  pU  6 and  the  precipitated  barium  sul- 
fate removed  by  filtration.  The  filtrate  was  then  evaporated  vacuo 
to  yield  a white  solid  residue.  Kecrystalllaatiun  of  the  solid  from  70% 
aqueous  ethanol  gave  7.1  g (487.  yield)  of  the  amino  acid  C-14,  m.p.  181- 
185“  dec.  An  additional  recrystallization  from  the  same  solvent  yielded 
an  analytical  sample,  m.p.  180®  doc;  Ir  (KUr)  3500-2300,  1650  cm*^. 

Anal.  Calcd.  for  C^ll9N03:  C,  54.19;  It,  5.81;  N,  9,03.  Found: 

C,  54.47;  H,  5,67,  N,  9.02. 
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2-Amiua-?.-(3-niethyl-2-tetrahvdrofurvl)acetlc-  Acid  (C-15) 

To  a solution  of  5 g (0.03  mole)  of  C-14  in  200  ml  of  407., 
aqueous  othaiiol  was  added  1.2  g of  107^  I’d/C.  The  mixture  was  hydrogen- 
ated at  30  psig  for  24  hr.  The  catalyst  was  removed  by, repeated  filtra- 
tion through  Celite  and  the  clear  filtrate  evaporated  jUn  vacuo  to  yield  a 
white  solid.  Recrystallization  from  70. mi  of  857.  aqueous  ethanol  gave 

l. 0  g (207o  yeild)  of  the  reduced  amino  acid  C-15  as  cotton-like  crystals, 

m. p.  205-206“  dec.  An  additional  recrystallization  afforded  an  analytical, 

sample,  m.p.  207-208“  dec;  ir  (KBr) • ,3550-3250,  3150,  3050-2300  and 

1620  cm“^.  ' ' , ' 

Anal.  Calcd.  for  C7Hi3N03:  C,  52.83;  H,.  S.IS;  1^,  .8,8T,  Found; 

C,  53.04;  H,  8.33;  N,  8.52.  ' ■ ' ' • 

The  mother  liquor  was  concentrated  ^ vacuo  to  20  ml  and  chilled 
at  2"  overnight;  a different  type  of  crystalline  solid  was  obtained, 
m.p.  207-208“.  Although  the  melting  point  of  a mixture  of  two  products 
was  not  depressed,  the  ir  spectrum  of  the  second  product  was  different 
from  the  first  one;  ir  (KBr);  3550-3300,  3300-2300  and  three  strong  absorp- 
tion bands  at  1660,  1580  and  1490  cm‘^.  Both  products  gave  positive  nin- 
hydrin  teats.  The  second  product,  0.6  g,  has  not  yet  been  identified. 


Fthyl  p-chlorobenzovlacetate  (G-20) 

A mixture  of  92,5  g (0.5  mole)  of  ethyl  £-chlorobenzoate  (C-19) 
and  43  g (1  mole)  of  sodium  hydride-mineral  oil  dispersion  in  500  ml  of 
benzene  was  heated  under  reflux  for  1 hr.  Ethyl  acetate  (44  g,  0.5  mole) 
was  then  added  dropwlse,  with  stirring,  over  a period  of  30  min.  Heating 
was  continued  for  5 hr,  as  the  reaction  mixture  was  gradually  getting 
thick.  U was  timroughly  cooled  and  treated  with  a methanol -ether  mixture 
to  dijcompose  excess  sodium  hydride.  The  mixture  was  cautiously  poured  over 
crushed  ice,  with  stirring,  and  acidified  with  120  ml  of  acetic  acid.  After 
the  precipitated  solid  (£-chlorobenzolc  acid)  was  filtered,  the  benzene 
layer  was  separated  from  the  aqueous  layer  and  the  latter  extracted  with 
ether.  The  combined  organic  layer  was  washed  with  water,  cooled  and  fil- 
tered once  more  to  remove  residual  £-chlorobenzotc  acid.  Solvent  was  re- 
moved from  the  filtrate  by  distillation  and  the  residue  was  distilled 
in  vacuo  to  afford  49.5  g (437.  yield)  of  ethyl  £-chlorobenaoylacetate 
(C-20)  as  a colorless  oil,  b.p.  110-115^/0.8  mia. 


cy-(£-Chlorobenzoyl)  -ybutyrolactone  (C-21) 


Method  A 


To  a cooled  (ice  bath)  sodium  ethoxide  solution  prepared  from. 
14.3  g (0,b2  g atom)  of  sodium  and  500  ml  of  ethanol  was  added  143  g 
(0.62  mole)  of  ethyl  £-chlorobenzoylacetate  (C-20),  with  stirring,  over  a 
period  of  30  min.  It  was  followed  by  32  g (0.73  mole)  of  ethylene  oxide. 
The  ice  bath  was  removed  and  the  reaction  n'lixture  stirred  at  room  temper- 
ature under  a Dry  Ice  condenser  for  3 hr.  The  reaction  mixture  was  poured 
into  water  (300  ml)  and  neutralized  with  dilute  sulfuric  acid.  After  2 
days,  long  white  needles  were  formed  and  were  collected  by  filtration 
(30  g,  21%  yield),  m.p.  68-70'*.  It  was  recrystallized  from  benzene, 
m.p.  68-70“  (Lit,ll''  70-71°). 


7vnal.  Calcd.  for  C11H9CIO3  (224.63);  58.31;  H,  4.04.  Found' 

C,  59.06;  11.  4.11. 


Method  b 


lialanl  and  Kulkarni's  method — • was  generally  followed  in  this 
experiment  as  well  as  in  the  one  described  under  Method  C.  To  a stirred 
suspension  of  23  g (0.5  mole)  of  sodium  hydride-mineral  oil  dispersion  in 
400  ml  of  benzene  was  added  a few  milliliters  of  a’acetyl-y-butyrolactons 
(C-24).  The  mixture  was  warmed  briefly  until  the  reaction  was  initiated. 
The  remainder  of  a total  of  64  g (0.5  mole)  of  C-24  was  added  slowly  to 
maintain  refluxing  of  the  solvent.  The  mixture  was  heated  with  stirring 
for  4 hr.  It  was  then  cooled  in  an  ice  bath,  and  87.5  g (0.5  mole)  of 
£»chlorobenzoyl  chloride  in  100  ml  of  benzene  was  added  over  a period  of 
30  min.  The  reaction  mixture  was  heated  at  40“  for  1 day.  After  cooling, 
the  benzene  solution  was  filtered,  washed  with  sodium  bicarbonate  and  water, 
and  concentrated  to  100  ml.  The  precipitated  £-chlorobenzoic  acid  was  fil- 
tered and  the  filtrate  evaporated  to  dryness.  The  solid  residue  was  tri- 
turated with  Skelly  F.  On  filtration,  there  was  obtained  67  g (50%  yield) 
of  tf-acety l-<y-(£-chlorobenzoyl) -Y-butyrolactone  (C-25)  as  a white  solid, 
m.p,  95-105'-.  It  was  racrystallizod  from  acetone,  m.p.  108*109"  (bit, Ik'* 


)12"). 


Avutl.  Calcd.  For  0^38110104  (266.67);  C,  58. 5S;  8,  4.16.  Found; 
C,  58.39;  H,  3.99. 


For  deacetylation,  2.67  g (O.Ol  mole)  of  C-25  was  heated  with 
1-28  g of  aiwiwnlutn  chloride  and  5 ml  of  aiiuionlum  hydroxide  at  50®  for 
1 hr.  The.  solid,  which  separated  on  cuoUug,  was  filtered,  ca.p.  60-65® 
(0.9  g,  40%  yield),  after  recrys tall last ion  from  benzene,  it  melted  at 
68-70®,  identical  with  the  product  obtained  by  Method  A. 


Method  C 


Magnesium  turnings,  14.4  g (0.61  g atom),  were  allowed  to  react 
with  15  ml  of  ethanol  and  3 ml  of  carbon  tetrachloride.  As  the  reaction 
started,  100  ml  of  benzene  was  introduced.  When  the  initial  reaction  sub- 
sided, a solution  of  115  g (0.9  mole)  of  a-acetyl-Y-butyrolactone  (C-24) 
in  75  ml  of  benzene  and  60  ml  of  ethanol  was  added,  with  stirring,  at  such 
a rate  that  a gentle  reflux  of  the  solvent  was  maintained  (total  addition 
time;  1 hr).  The  reaction  mixture  was  heated  for  3 additional  hr.  After 
having  been  cooled  in  ice  water  for  30  min,  the  mixture  was  treated  with 
158  g (0.9  mole)  of  £-chlorobenzoyl  chloride  in  100  ml  of  benzene  (30  min). 
The  cooling  bath  was  removed,  and  the  mixture  was  heated  at  50°  for  2 hr. 

It  was  then  allowed  to  stand  at  room  temperature  for  2 days  before  being 
neutralized  with  dilute  sulfuric  acid.  The  benzene  layer  was  separated, 
washed  with  water  and  concentrated.  There  was  obtained  an  initial  crop  of 
the  product  C- 21  (82  g) . Further  evaporation  of  the  mother  liquor  afforded 
additional  25  g of  the  desired  product,  m.p.  63-68°.  The  total  yield  was 
107  g (537o).  It  was  shown  to  be  identical  with  the  products  obtained  by 
Methods  A and  11. 


4-8romo-4 '-chlorobutyrophenone  (C-22) 

Q-(£'chlorobenzoyl)-Y'^utyrolactone,  112,5  g (0.5  mole),  was 
heated  on  .steam  bath  with  350  ml  of  487,  hydrobromic  acid  for  4 hr.  After 
cooling,  the  oily  layer  was  separated  and  the  aqueous  layer  extracted  with 
200  ml  of  benzene.  The  combined  organic  layer  was  washed  with  water,  fil- 
tered and  the  filtrate  evaporated  ^ vacuo  to  leave  a residue  of  115  g 
(887,  yield).  This  crude  product  was  distilled  under  reduced  pressure  to 
give  a colorless  liquid,  b.p.  130**/1  mm,  which  turned  yellow  on  standing. 

Anal.  Galcd.  for  CioJUoBrClO  (261.54) j C,  45.92i  Ht  3*^5. 

Found:  C,  46.20;  H,  3.84. 

2-<£"Chlorophenyl) ‘2-cyanotctr^hydrofuran  (C-23) 

A mixture  of  78,5  g (0.3  mole)  of  4*bromo-4' -chlorobutyrophonono 
(C-22)  and  30  g (0.33  mole)  of  cuprous  cyanide  in  300  ml  of  benzene  was 
heated  under  reflux  for  one  day.  Infrared  spectrum  of  the  reaction  mix- 
ture showed  that  the  reaction  was  not  yet  complete,  thus  another  3 g of 
cuprous  cyanide  was  added,  and  the  reaction  mixture  was  heated  for  addi- 
tional 7 Ur.  The  solid  was  filtered  and  the  benzene  solution  evaporated. 
The  residue  was  distilled  vacuo  to  give  a main  fraction  boiling  at 
120-130°/1.5  imu  which  corresponded  to  the  desired  product  (27  g,  43X  yield) 


This  fraction  was  redistilled  to  yield  a colorless  oil,  b.p.  123"/1.5  mm, 
which  gradually  turned  to  yellowish  green  on  standing. 

-Anal.  Calcd.  for  CnHxoClNO  (207.65);  C,  63.62;  H,  4.85;  N,  6.75. 
Found;  C,  63.58,  63.35;  H,  4.50,  5.07;  N,  5.37,  5.52. 


2-(£-Chlorophenyl) tetrahydrofuran-2-carboxaldehyde  Semicarbazone  (C-26) 


A mixture  of  10.4  g (0.05  mole)  of  2-(£-chlorophenyl) -2-cyano- 
tetrahydrofuran  (C-21),  5.57  g (0.05  mole)  of  semicarbazide  hydrochloride, 
and  5.5  g (0.04  mole)  of  sodium  acetate  trihydrate  in  100  ml  of  ethanol 
and  50  ml  of  water  was  hydrogenated  at  50  psig  in  the  presence  of  Raney 
nickel  catalyst.  The  hydrogenation  was  completed  in  4 hr  with  absorption 
of  one  equivalent  of  hydrogen.  The  supernatant  solution  was  decanted  and 
the  residual  solid  was  boiled  with  200  ml  of  ethanol.  After  all  product 
dissolved,  the  catalyst  was  removed  by  filtration.  The  filtrate  was  com- 
bined with  the  decanted  solution  and  concentrated.  The  precipitated  solid 
product  was  collected  by  filtration  (12  g,  457,  yield),  m.p.  175-180“.  It 
was  recrystallized  from  methanol  as  white  crystals,  ra.p.  186-188“. 

Anal.  Calcd.  for  Ci2Hl4ClN302  (267.68);  C,  53.84;  H,  5.27; 

N,  15.69.  Found;  C,  53.63;  H,  5.36;  N,  15.39. 


Diethyl  AnlUnotaethvlenemalonate  (D-7) 

Diethyl  0 thoxyme thy 1 enema lonate,  238  g (1.1  moles),  was  added  in 
several  purtion.s  to  93  g (1  mole)  of  aniline  in  an  evaporating  dish.  After 
the  initial  exothermic  reaction  subsided,  the  mixture  was  allowed  to  stand 
ut  room  temperature  for  30  min  then  evaporated  under  a stream  of  air.  The 
solid  product  was  collected  by  filtration  and  washed  with  Skelly  F.  There 
was  obtained  205  g (787,  yield)  of  C-6  as  beige  crystals,  m.p.  41-45°. 
Recrystallization  from  acetone -cyclohexane  yielded  pure  C-6  as  white  crys- 
tals, m.p,  46-48°  (lit., 51./  m.p.  48°). 

Ann  I . Culcd.  for  CX4II17NO4:  C,  63.86;  K,  6.51;  N,  5,32.  Found; 

C,  63.67;  H,  6.47;  N,  5.45. 


Ethyl  4-nvdroxv-3-quinolinecarboxylate  (D-8) 

Into  800  ml  of  Dowtherm  preheated  at  240°  was  added  portlonwlse 
315  g (1.2  mules)  of  0-7.  Heating  was  continued  for  30  min  after  the  addition. 
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On  cooling,  the  product  D-8  crystallized.  It  was  collected  by  filtration  and 
washed  with  Skelly  F to  give  125  g (45%  yield)  of  crude  D-8,  m. p.  268-272®. 

A small  sample  was  recrystallized  from  MeOH  as  off-white  crystals,  m.p.  267- 
270®  (lit.,52/  ni.p.  .266-267®). 

Anal.  Calcd.  for  012^11^03:  C,  66.35;  H,  5.10;  N,  6.45.  Found: 

C,  66.31;  H,  5.19;  N,  6.54. 


I'^thyl  4-Chl(^n>-3-qulnolinecarboxvlatc  (D-9) 

A mixture  of  30  g of  D-8  and  35  ml  of  POCl^  was  refluxed  for  3 hr. 
After  standing  overnight  at  room  temperature  the  mixture  was  poured,  with 
stirring,  onto  crushed  ice  and  made  basic  with  NH/^OH.  The  crude  product 
readily  solidified  and  was  collected  by  filtration  to  give  22.5  g (70%  yield) 
of  D-9,  m.p.  43-45°.  Recrystallization  from  Skelly  F gave  pure  d-9  as  white 
plates,  m.p.  45-46°  (lit.,~^  m.p.  46-47®). 

Anal.  Calcd.  for  C12H10CINO2:  C,  61.16;  H,  4.28;  N,  5.94.  Found: 

C,  60.88;  H,  4.43;  N,  6.08. 


Methyl  4-Methoxv-3-quinol Inecarboxvlate  (D-10) 

To  .1  meUianolic  .sodium  mcthoxlde  Holtitlon  prepared  from  6 g of 
Nil  and  350  ml  of  MeOII  was  added  42  g (0.178  mule)  of  D-9  in  small  portions. 
After  the  addition  was  complete,  the  mixture  was  refluxed  for  1 hr  with 
stirring.  It  was  then  diluted  with  1 liter  of  cold  water  and  the  solvent 
evaporated  under  a stream  of  air.  The  resulting  solid  was  collected  by 
filtration  to  yield  25.5  g of  D-10.  On  further  evaporation  of  the  filtrate, 
additional  3.5  g of  the  product  was  obtained  to  give  a total  of  29  g (75% 
yield)  of  D-10,  m.p.  52-54®.  Recrystallization  from  Skelly  F afforded  pure 
D-10  as  white  needles,  m.p.  54-56®. 

Ana  1 . Calcd.  for  C,  66.45;  N,  5.10;  N,  6.45.  Found; 

C,  66.31;  H,  4.90;  N,  6.43. 


Rthvl  3-Mothoxv“2-nvridineaeetate  (D-19) 

To  a stirred  solution  of  5.0  g (0.05  mole)  of  dl isopropyl amine 
in  100  ml  of  dry  TIIF  cooled  in  an  ice-wator  bath  was  added  dropuise  22  ml 
of  .1.4  M Unt.t  in  hexane  (0.053  mole).  Ten  minutes  after  the  addition,  it 
was  followed  by  the  addition  of  6.2  g (0.05  mole)  of  3-roethoxy-2-methyl- 
pyridlnc  and  the  mixture  was  stirred  for  40  min.  llie  resulting  red  solution 
was  trmt.sferred  to  a dropping  ftmnel  and  added  dropwise  to  a solution  of 
6 g (0,055  mule)  of  ethyl  chloroformate  in  150  ml  of  THF  at  -67  to  -70®. 
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The  solution  was  stirred  and  allowed  to  f, lowly  warm  to  room  temperature 
without  removal  of  the  cooling  bath.  After  standing  overnight,  the  cloudy 
solution  was  cleared  by  filtration  and  the  filtrate  evaporated  to  a paste. 

The  latter  was  diluted  in  50  ml  of  water  and  extracted  with  ether  (3  x 50  ml). 
The  ether  extr.-.rt  was  washed  with  saturated  aqueous  NaCl  and  dried  (MgS04) . 
Ether  was  reracvad  and  the  resulting  rel  liquid  was  distilled  ^ vacuo  through 
a 6-in.  Vigreux  column.  The  distillate  collected  at  30-45°/0. 15-0.75  mm 
was  discarded.  The  Vigreux  column  was  then  replaced  by  a short  distilling 
head  the  distillation  was  continued.  The  fraction  collected  at 
98-118°/0, 15-0. 2 mm  was  the  desired  compound  D-19.  It  weighed  1.2  g 
(12%  yield).  NMR  (CDCI3):  6 1.21  (£,  J = 7 cps,  3H,  -O-CH2-CH3),  3.80 

(£,  3H,  OGH3),  3.87  (s,  2H,  -CH2-  attached  to  the  pyridine  rin^,  4.16 
(^,  .1=7  cps,  2H,  -0-CH^-CH3),  7.16  (d,  J = 3 cps,  2H,  aro-Hs)  and  8.13 
(^,  J =■  3 cps,  IH,  aro-H).  IR:  1740  cm~^  (strong,  C = 0),  1580  cm“^ 

(a  medium  pyridine  ring  absorption) . 

Anal.  Calcd.  for  H,  6.71;  N,  7.18.  Found; 

C,  61.63;  H,  6.78;  N,  7.21. 


Ethyl  3-Methoxy- 2-piper idineacetat'i  (D-20) 

A mixture  of  2.5  g of  D-19,  1 g of  5%  Rh/C  and  120  ml  of  absolute 
Eton  was  hydrogenated  in  a Parr  Hydrogenator  under  64  psig  of  H2  for  92  hr. 
Catalyst  was  removed  by  filtration  and  the  filtrate  evaporated  under  reduced 
prc.s.sure  to  give  3.2  g of  D-20  as  a liquid.  Die  nmr  and  ir  absorptions  were 
in  accord  wltlt  the  reduced  product. 


Ethyl  3-Motluixy-2-(N-acetyl)plperjdlneacctate  (D-21) 

The  aforementioned  crude  product  D-20,  3,1  g,  was  dissolved  in 
15  ml  of  Ac20  and  was  allowed  to  stand  at  room  temperature  for  36  hr. 

The  solution  was  diluted  with  100  ml  of  water,  extracted  with  ether  (3  x 
SO  ml)  and  dried  (MgSO^).  Evaporation  of  ether  gave  1.3  g of  D-21.  IR; 

1730  cm”l  (ester  C » 0),  1650  cm’^  (amide  C ■ 0) . Iflien  the  aqueous  layer 
was  ba.sified  with  Na2C03  and  extracted  with  ether  (3  x 50  ml),  and  additional 
0.5  g of  0-21  was  obtained.  IHiriflcation  and  identification  of  this  product 
is  in  progress. 


Diethyl  AnlUnomethvlcnesiiccinate  (D-26) 

To  diethyl  formylsuccinate,  prepared  by  sodium*«atalyxcd  condensa- 
tion of  diethyl  succinate  and  ethyl  formate, (14.1  g,  0.07  mole), was 
added, in  several  portions, 6.5  g (0.07  mole)  of  aniline.  The  product  crystal- 
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llzed  slowly  after  initial  exothermic  reaction  subsided.  It  was  filtered 
and  washed  with  Skelly  F to  give  10  g of  the  desired  product,  m.p.  92-96*. 
On  recrystallization  from  acetone-Skelly  F,  white  prisms,  m.p.  102-104*, 
were  obtained. 

Anal.  Calcd.  for  Ci5HigN04:  C,  64.96;  H,  6.91;  N,  5.05.  Found: 

C,  65.22;  H,  6.81;  N,  5.20. 


Ethyl  4-Hvdroxy-3-quinolineacetate  (d-27) 

Diethyl  anillnomethylenesuccinate  (D-26),  27.6  g,  was  added  drop- 
wise  into  200  ml  of  Dowtherm  preheated  to  240°.  After  30  min  of  heating  at 
240-250°,  the  mixture  was  allowed  to  cool  The  solid  product  was  isolated  by 
filtration  (2.5g),  m.p.  200-204°,  It  was  recrystallized  from  methanol  as 
offwhite  crystals,  m.p.  215-217°. 

Anal.  Calcd.  for  C13H13NO3:  C,  67.52;  H,  5.67;  N,  6.06.  Found: 

G,  67.68;  U,  5.44;  N,  6.09. 


Ethyl  4-Ghh)ro-3-qvitnolineacetate  (D-28) 

Ethyl  4-hydroxy-3-quinollneacetate  (D-27),  4.6  g,  was  heated  with 
20  ml  of  POCI3  on  a steam  bath  for  3 hr.  After  cooling,  the  mixture  was 
paired  into  ice  water  and  made  basic  with  ammonium  hydroxide.  The  product 
solidified  slowly  and  was  Isolated  by  filtration.  There  was  obtained  4.5  g 
of  the  desired  product  as  beige  crystals,  m.p.  65-67°.  It  may  be  recrystal- 
lized  from  methanol  as  beige  needles,  but  the  melting  point  becomes  lower. 


2:L(2-Hydroxypropyl)-3-roethcxvDiDeridlne  (d-36) 

Hie  method  of  Baker  and  McBvoy^^was  followed.  A mixture  of 
48.8  g (0.29  nwlo)  of  2-(2-hydroxyptopyl)-3-raethoxypyridlne  in  150  ml 
of  absolute  KtOH  was  hydrogenated  at  room  temperature  under  60  pslg  of  H2 
in  the  presence  of  16  g of  5%  Rh/Al203.  After  18  hr  the  mixture  was  heated 
at  60“  and  the  hydrogenation  was  continued  for  an  additional  4 hr.  Catalyst 
was  removed  by  filtration  and  the  filtrate  evaporated  in  vacuo  to  give 
48  g (96/,  yield)  of  the  crude  product.  Its  nmr  spectrum  revealed  that  the 
product  was  contaminated  by  only  a trace  of  unreduced  starting  material* 


(2-Acetonvl -3-methoxy) piperidine  (D-37) 

The  aforementioned  crude  D~36  was  dissolved  in  310  ml  of  water* 

The  solution  was  cooled  at  0°  and  to  it  was  slowly  added,  with  stirring, 

66  g of  concentrated  H2S0^  followed  by  portionwise  addition  of  35  g^of 

temperature  throughout  the  addition  was  kept  below  35“.  The 
resulting  dark  green  solution  was  stirred  at  room  temperature  for  40  hr. 

The  precipitated  purple  solid  was  collected  by  filtration,  washed  with  a 
small  amount  of  water,  and  discarded.  The  filtrate  was  basified  with  504 
KOH  to  pH  11.  The  resulting  dark  green  suspension  was  mixed  with  100  g of 
Gelite  and  filtered  and  the  solid  washed  with  100  ml  of  water.  The  combined 
aqueous  solution  was  extracted  with  ether  (3  x 150  ml)  and  CH2CI2 
(3  X 150  ml).  The  organic  extracts  were  dried  (MgSO^) . Removal  of  ether 
yielded  5 g of  a mixture  of  unreacted  starting  alcohol  and  the  ketone  0-37, 
From  the  CH2CI2  extraction  was  obtained  25  g (50%  yield)  of  the  crude 
ketone  d-37* 

42/ 

According  to  Rarringer  et  al.' — the  ketone  D-37  obtained  by 
the  Baker's  procedure— 'was  in  the  cis-form  D-37a.  This  could  be  isomerlzed 
into  a mixture  of  trans- (D-37b)  and  cis-(D-37a)  in  a ratio  of  7:3  by  heating 
the  liquid  at  100®  for  90  rain.  When  13  g of  the  crude  D-37  was  isomerlzed 
under  the  reporteditl'^  reaction  condition,  5.4  g of  the  7:3  mixture  was 
obtained  after  distillation,  b.p.  74°/0.15  mm  (lit.,^/  b.p.  88-93®/2.5  mm). 
The  ir  and  nmr  confirmed  the  .structural  assignment. 


[N-Carbr.ally loxy -3-methyl -2- ( 3-bromo-2-oxQpropyl) ]plperldlne  (D-38b) 

To  a solution  of  5.4  g of  D-37  in  22  ml  of  AcOH  cooled  in  an 
ice  hath  was  added  22  ml  of  30%  HBr/AcOll  followed  by  addition  of  1.6  ml 
of  Bt'2  in  5 ml  of  AcOH.  llie  mixture  was  stirred  overnight  and  the  solvent 
evaporated  ^ vacuo  at  50®.  The  residual  intermediate  D-38a  (ca  0.03  mole) 
was  dissolved  in  60  ml  of  CHCI3,  cooled  at  0°,  and  neutralized  with  saturated 
aqueous  NaHC03.  To  this  was  added  simultaneously,  with  stirring,  saturated 
aqueous  NaHC03  and  4.8  g (0.04  mole)  of  allyl  chloroformate  at  such  a rate 
that  the  pH  of  the  reaction  solution  was  maintained  between  7-8.  After  the 
addition  the  mixture  was  stirred  at  room  temperature  for  2 hr.  The  CHCI3 
layer  was  separated  and  the  aqueous  layer  extracted  twice  with  CHCI3.  The 
combined  CHCI3  solution  was  washed  twice  with  0.1  N HCl,  twice  with  water, 
and  dried  (MgS04).  It  was  evaporated  in  v.acuo  at  40®  to  give  90%  yield  of 
U-38h  as  an  oil.  Hiis  compound  was  used  (see  Results  and  Discussion  Section) 
without  further  purificotion. 
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IV.  COMPOUND  SUBMITTED  FOR  BU)\.0C1CA1.  STUDIES 


LI  I i 

•.».'  • 11  ! 7 


MO-482  (BE-lb930;  MB-11-15A): 


n 


Ethyl  Tetrahydrothtenyl-2-carboxylate 


a*- 


CH2-CH3 


2.0  g 


-n  c.) 


I"  ! I 

I!  ■ 


:•  ! L 


MO-483  (BE-16949;  Y-I-51): 


N- (4-0xohexyl)phthalimide 


0 

1 I N-CH2-CH2-CH2-C-CH2-CH3 


MO-484  (BE-lb958;  PC-vn-l2K 


2.0  g 


L j.|  U 

:■  in 

1 I 

Li  I 

:|!ti 

111 

:i>l  U 


cr£-Chlorobenaoyl-y-bu tyro lactone 


0-C-Cl^ 


0 

Ao 


2.0  g 


MO-485  (mi:-lb9t)7;  Y-I-79); 


8-(6-Amino-3-hexylamino)“6-methoxy-4-methylquinoline 
Diphosphate  Dihydrate 


•2H3P0^. 2H2O 


CU3-CU2-CH-CH2-CH2-CH2-NH2 

MO-486  (BE-17535:  VC-Vtl-l?): 

Q-Acetyl-Q'-  (£-chlorobenzoyl)  -y-butyrolactone 


5.1  g 


CH3 

C=0 

Cl 

V=4/CHi  .0 


2.0  g 


MO » 48 7 (DIM 7 544;  WB-U-40G): 

N^,N^“Diothyl-N^-<3,4-diroothoxyphenyl)-l,4-pentanediamine 


^H3 

C‘l3^>N,4!^NU-Cll-ai2-CU2-CH2.Nc5:I^ 

y |T  CU2-CU3 


3.0  g 
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M0-491(BE-1801A;  PC-VII-25); 


2 - (p -Ch lorophenyl ) te trahydrofuran-2 -carboxa Idehyde  Semicarbazone 


2.0  g 


NO-492  0>K-im)23:  Y»I-90); 

2-Ajnina-2-(3-methyl-2-£uryl)acotic  acid 


2 “Amino  “2  - < 3 -»i»  thy  I -2  -totrjUtydtoiuiry  I )acot  ic  acid 


M0“494 (Mi  “ 19995 1 V-t-953; 

(5“04ctiiylamtiio-2“pentyi)amitto39ui«oxaline 


f X5l  f’ 

)3-K(C2li5)2 


92 


2.0  g 


Ul  g 


4,S  g 


MQ-'495(Biv-451.19;  re-VIl-35) : 

2 -Methoxy-5-nitro-N- (l-phthalimido-4-pentyl)aniline 


M0-496CBE -45128;  Y-II-11); 

6- (N- Ace  tamido)  - 7-iae  thoxyquinoxa  1 ine 


r 1 

rr^ 

^ -C  -CH3 

11 

MO- 49 7 (BE- 500 30;  Y- 11-20): 

()-[(5-l)iethylamlno-2-pentyl)amino3-7-methoxyqulnoxaltne 
CH3 -in - ( CH2 ) 3 -N ( C2H5  >2 

MO-498 (BE-66387;  Y-II-263: 

2-Bromo-4,5-dimethoxy-N-(5-diethylajnino-2-pentyl)anilintJ 


GH3-iH-(CH2>3-N(C2ll5)2 

M0-499(BE -66458  l.Y-Il-2).; 

4 -Me  thoxy -2 -n i troaco  tani I i do 

V^,^NH-|-Cll3 
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6 ■^•Bromo -3 ,4 -dimethoxy-l -ni  trobenaene 


XiC 

MQ>S03(BE-66798;  PC~VlI-40) ; 


2.0  g 


3-Acetaraido-N-(;(j|)-chloro-l-methyl)benayUdenol-4-ofithoxyaniUne 


CH^O 

GUj-Jj-NH 

0 


M0-5Q4{BK“6f?805;  Y-lI“28)i 


4-Mathoxy-2-tttfcrotrifl»ioroacotanilide 


2,0  g 


MO-505(BE-55884;  Y-II-49) : 


2-Bromo-4,5-?methylenedioxy-N-(5-diethylamino-2-pentyl)anlline 


-CH-(CH2)3-N(C2H3)2 

CHi 


M0-5Q6(BE-57575;  Y-II-28); 


5-Methoxy-2-(trifluoromethyl)ben2 imidazole 


^CF3 

'N 


MO- 507 (BE- 57 584:  PC -VII -48): 


Diethyl  anllinomethylenemalonate 


CH°C(C02C2H5)2 


2.0  i 


MO-508(BE-587 78;  PC-VII-49) : 


Ethyl ^-hydroxy-Z-quinollnecarboxylate 


2.0  i 


HD-5QV(BE-58?B/;  PC-VII-5I); 


Ethyl  4-chloro-2-qulnolinecarboxylate 


2.0  1 


Ssi'c; 


M0-510CBE-58796;  Y-Il-66); 

N*Acetyldehydroleucine 


CHo-CH-CH=C-COoH 
3 ! ,2 

CH3  NH 

i 

CO-CH, 


3.0  g. 


MO-511  (BE-58803;  Y-U-A): 

2-Acetamidoacrylic  Acid 


CH2»C-C02H 

NH 

I 

CO-CH, 


5.0  g 


MO-5I2(BE-588l2;  Y-Il-68): 

2-(_jj-Chlorobtnzamido)Grotonic  Acid 


CH3-CU«C-C02H 


IjJH 

C«0 


5.0  g 


ii 


MO-513(BE-58B21;  Y«U-fa4)i 

N-  (£-ChlorobPO2oyl)-D,L-thr0oaiue 


CHo-CH-CH-CO^H 
3 1 , 2 

OH  NH 


2.0  g 


C=0 

Ui 

Y 

Cl 


66 


I ■■■? 


U 

a 


{■■ 


r-  > 

J.  • 
%:  : 


(-J 


} I 

i.\ 


M0-514(BE-58830;  Y-lI-63')  : 

N - (Chloroacety 1 ) -D , L- leuc ine 


CH3-CH-CH2-CH-CO2H 

(!;h3 

fo 


CH2C1 


MO-515  (BE-760ftl;  PC-VII-53): 

Methyl  4-Methoxy-3-qutnolinecarboxylote 


OCH1 


CO2CH3 


MO-516  (BE-76070;  WB-U-72A1; 

N-(2-Nitro-4»«ni8yl)-£-tolu6)aesulfonamide 


CH3O 


/NO2 


NH-SO. 


CH, 


MO-517  (BE-76089;  Y-XI-67); 

2-(£-ChlorophQnyl)-A-ethylideneoxa2ol-5-one 


Cl 


^N^CH-CH3 


MO-518  (BR-77817:  BW-11-73B1; 

N- (3  t4«Diaethoxyphonyl)  -£-toluenc8ul£onamlde 

'CM3 

1: 0 

CII3O' 


CH3O  ^ ^NH 
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2.0  g 


2.0  g 


2.0  g 


2.0  g 


MO-519  (BE-77826;  PG-VII-58): 


l)i  e thy  I Anl  llnoraethy  lenesuccinate 


H5C2O2C.  -CH2~C02C2Hj 


H 


2.0  g 


MO-520  (RK-82756;  WB-11-75B): 

N- (4, 5-Dlraethoxy-2-nltrophenyl)-j3-toluene8ulfonamide 


^N02 

\NH-S02-(^~^H3 

2.0  g 

PC- VII -59): 

Ethyl  4-Hydroxy-3-quinolyacetate 


^&mmsBmimsmim!sAgmsamM!SMttm-- ■ 


i 


V.  ANTIMALARIAL  TEST  RESULTS 


Among  40  compounds  submitted  for  antimalarial  activity  evaluation, 
8- (6-aini no-3-hexy lamlno) -6-methoxy-4-methylquinoline  diphosphate  (WR-2157 61 , 
BE-1696,  MO-485)  displayed  outstanding  activity  against  Plasmodium  herghel. 


CH3O, 


CH3-CH 2-CH “CH2-CH2 -CH 2-NH2 

WR-215761 

This  compound  is  active  at  20  mg/kg,  with  five  out  of  five  cures  at  320  mg/kg, 
and  is  nontoxic  even  at  640  mg/kg.  A comparison  of  the  activity  of  this  com- 
pound with  that  of  primaquine  on  the  same  ^ herghel  system,  is  listed 

as  follows. 


Dosage  (mg/kg) 


5 

10 

20 

!i0 

80 

160 

320 

640 

Prlmaquiiu*™V 

— 

— 

+2.2 

+4.2 

46.4 

+7.0 

(2  toxic) 

5 toxic 

5 toxic 

Priroaqulnel^^ 

— 

+4.0 

+5.0 

+9.4 

+10.8 
(2  toxic) 

5 toxic 

5 toxic 

UR-215761 

+2.1 

+4.1 

+7.3 

+7.9 

+9.7 

+11.5 

5 cures 

5 euros 
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